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PIPELINE AS- BUILT RECORDS* an 
rogress Report 
Committee | on Pipeline Location 


requirements relative to as- ~built records are de- 
scribed f for natural gas and common carrier pipelines. Federal Power Com- 
“mission and Interstate Commerce Commission requirements are "detailed; 
_ other agencies are listed and discussed in general. Methods of survey and | 
_ mapping are given, as are the maintenance of as- built records to reflect 


changes after construction, 


ly 


“As- Built -Bullt Records” comprise the engineering phase of record- as 


applied to natural gas transmission pipelines and common-carrier crude and 


a The purpose of making and maintaining as-built records stems from vari-_ 


factors: the mandatory requirements of the regulatory governmental 
agencies having jurisdiction over the pipeline companies; the requirements of 
other governmental agencies; and the requirements as set forth by the pipeline — 4 
7 company itself. The regulatory agencies having jurisdiction over the pipeline © 
companies are the Federal Power Commission (FPC) (over the natural gas — 
s transmission pipe lines) and the Interstate Commerce Commission (ICC) (over 
the common carrier pipe lines). Other governmental agencies not having 


: Note. —Discussion open until July 1, 1961 . Separate discussions should be submitted 
for the individual papers in this symposium, _ To extend the closing date one month, a 
written request must be filed with the Executive Secretary, ASCE, This paper is part 
of the copyrighted Journal of the Pipeline Division, Proceedings of the American | Society — 
of Civil Engineers, Vol. 87, No, PL 1, February, 
_ 4 This paper will form the basis for a chapter in a proposed ASCE = Manual of Engi-- 
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jurisdiction over the pipeline companies, —— requiring as- 
range from federal agencies to local- level As the govern- 
B we mental agencies control rates and tariffs it is essential that they require as- 
built records to substantiate construction cost, which is a major factor in the 
determination of the rates and tariffs allowed. Other federal and local- level 
are primarily interested in as- records to determine how the 


—The FPC csamaania that companies within 
“its” jurisdiction . shall keep it in their books of account full information as to any 
item entered in such books of account, and all other data supporting or sub- 


- stantiating these e entries. To this effect the FPC has established the “Uniform 


; _ stipulates the accountable items and breaks hom: into various s categories by 

; account numbers. The pipeline company may, for its own convenience, further 
_ subdivide the prescribed accounts, provided that the subdivisions do not im-| 

‘pairs the integrity of the accounts. In addition, the FPC requires that all 
changes in plant accounts, additions, removals, and retirements shall be re- 
by means of a job-order or work-order system. It further specifies 
what records are to be retained, the period of retention, microfilming of, and 
of such records as prescribed inthe FPC’s “Regulations to Govern 


Preservation of Records of Public ‘Utilities and Licenses.” 


‘the eye the ‘plant “account: ‘books and they ‘must be retained and made 
available to the FPC upon request. It is therefore necessary that these records 
be made and retained. 

The FPC “requires. that the as-built records made and maintained by the 

company in connection with construction projects, wholly or partially 
pleted, be retained until the record is superseded or for a period of 6 yr after — 
the | ‘construction, or plant, as it is referred to, is retired. The FPC further 
stipulates that microfilm reproductions of such records are not acceptable © 
in lieu of the original records. 
Interstate Commerce Commission.—The ICC prescribes that companies — 
within its jurisdiction shall keep in their books of account full information as — 
to any item entered in such books of account, and all other data supporting or 
substantiating these entries. To this effect the ICC has established the “Uni- 
form Systems of Account for Pipe Line Companies.” ‘This “system stipulates" 

* the accountable items and breaks them into various categories by account | 
a numbers, as with the FPC, The pipeline company may further subdivide the 
_ prescribed accounts provided that the integrity of the original account is not E 
impaired by the subdivision. In addition, the ICC requires that all changes in © 
7 carrier property accounts, additions, removals, or retirements shall be re- 
_ corded by a job-order or work-order system, It further specifies what records 
hones to be retained, period of retention, microfilming of, or destructions of © 


Lines.” 
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BUILT RECORDS 


ae As-built records made and maintained by the engineering department, such 
as is rechain surveys, inventories, and completion drawings are, of course, 
supporting data for book entries and have to be retained. Regarding these 
_ records the ICC has prescribed that certain maps and records be submitted 7 
to them for valuation purposes per the ICC’s Valuation Orders No. 26 revised 


— Valuation Order No. 26 Revised, “Instructions to Govern the P 
of Maps, Charts, and Schedules by Common Carrier Pipelines,” r 


that the carrier company s submit two to 


of-Way —These maps 2 


sheets prepared from a rechain survey and shall show the e following: © 


1. The route of the pipeline orpipelines. _ ——- ae 
: 2 bed The length of the pipeline as indicated by eee Ts mileposts. 
—_—. z, The topography along the line and adjacent to it, such as roads, rail- 7 
roads, water courses, cities, towns, and any other data that will assist in lo- 


4, Boundary lines, state and county or subdivisions, property 


The index for the valuation approved by 


ahs several adjoining tracts have been obtained to form one » parcel of land, 
the boundary lines, dimensions, calls, etc., and the — of each — 
= - Property lines and names of adjacent land owners, it known. 
all important fixed improvements in general outline. 
ae All connecting or branch pipelines within property with survey survey stations. 4 


= . The index for the e appropriate v valuation section, : as approved by the ICC. eS 
_ The ICC requires that as-built records made and maintained by the com-— i 
pany, such as rechain surveys, inventories, ‘completion drawings, and valua- 
tion reports in connection with carrier property be retained for a period of 
10 yr after such property has been removed or abandoned. The ICC further © 4 
_ stipulates that microfilm reproductions of such records are not acceptable a 
in lieu of the original records aft 2 
_ Other Governmental Agencies. —Governmental a agencies other ene the pre- 


te regulatory commissions may require that as-built records be sub- 


mitted to them. These agencies range from federal to local level and their 


gg record requirements, if any, will be varied. Most of these agencies are pri- * 

- 7 marily concerned with the manner in which the pipeline will affect facilities 

2 that fall under their jurisdiction, and usually a permit drawing revised to 7: 
completion status will suffice their needs. Some of me various agencies that 


f llo 
War States Corp of ‘Engineers 


United States Boundary Commission | 


National and State Park Commissions _— 


National and State Forestry Commissions 
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The: as- built 1 aw “individual wee 
than mandatory requirements, are optional, and the methods of keeping Ne 
4 delineating such records will vary. In any ¢ event, there are si basic 
reasons making and records: 


te They substantiate account book entries on construction and material 
“cost of any pipeline construction project. 
2 They provide the basis for design and estimates of future construction. - q 
bh They reflect accurate location and detail of the pipeline and its appur- __ 
‘ee, which is necessary for the operation and maintenance of the pipe- 
_— | - They prov provide the basis for information shown ‘on maps that are required 
by various departments, such as system exhibit — — 


“They are used by the ad valorem tax department to 

pipeline footage in different political subdivisions. 
6, They are useful in satisfying property owners’ questions relative to the 
location | across their respective properties. 


— In making the as- built records on pe there a are certain factors to be 
considered, namely, the: location of the pipeline, the physical makeup of the 
‘pipeline, and the as-built plans of the pipeline. The location of the pipeline is" 
- = - finalized by a field survey, the physical makeup by a field inventory, and the 
: _ as-built plans by compilation and delineation of the field survey and inventory 
| __ information. . An important function in the establishment of as-built records 
is performed by the construction engineer, as discussed in another of these - 
commits s reports.1 The methods of obtaining, compiling, and delineating 
; the record information may vary among different companies, but there are 
__ basic fundamentals that must be adhered to, as willbe examined. 
; Survey, —During the course of pipeline construction, conditions arise that 
— will necessitate the relocation of the pipeline or its appurtenances from the — 
location as specified on the construction plans. Property owners may desire 
_ that the line location across their properties be changed or field engineers | 7 
_ may decide to relocate the line due to terrain and soil-condition difficulties 
or to avoid crossing certain properties. It is because of such changes that a 
-rechain survey ane to be made. The rechain survey, also referred to as _ 
completion survey, as-built survey, or final survey, has one primary purpose: 
to record any deviations or location changes from the ‘original construction 
plans, _ so that final maps of the pipelines as constructed may be a 


rechain survey sh¢ should entail the following: 


ey Are rechain of the relocated portions of the pipeline along the ground or 
the exposed pipe, either being acceptable, , Should be made. 


— State Drainage Districts and Levee Boards 
| 
{ 
= 
2 and governmental agencies in cases where the pipeline location might have a 
| .-—«s direct bearing on an installation they propose or have under study. 7 
== i! 
Be 
‘ Location: Duties of the Engineer on Construction,” (Proceedings Paper 


"beginning and ending survey stations, on the ‘rechain of 
7 portions of the pipeline, should be referenced to existing meer aK HES survey a 
~The field notes of the rechain sur survey should be e plainly as such, 
in order to avoid confusion with preliminary survey relocation notes. — 
ae ‘The location of all pipeline appurtenances, whether falling in a relocated = q 
portion of the pipeline or not, should be verified. 


= 


2 6. When complete, the rechain-survey notes should be be forwarded to ‘the 


From this a new set of office’ survey ‘notes converted to « centiances ce 

is made, these being the » equivalent « of a complete rechain survey of the pipe- zz 


Inventory. —As stated p previously, conditions arise that necessitate 2 relo- 
cating a pipeline from the original plan; this also holds true for the materials 
that are used on the pipeline. Shortages caused by strikes or other conditions, 
shipping delays, or last-minute changes in 1 plans may call for substitution of 
; material in place of what was specified in the original plans. The primary | 
; purpose of the field inventory is to get a count of all material installed on the 
of ad changed in the field as previously 


1. ‘physical co and location by survey of the 


component parts of the pipeline as follows: 


Line pipe - ‘The size, wall thickness, type ‘manufacturer, and lineal 


footage based on the beginning and ending survey stations of the various pipe ~ 


(b) Main line valve, tape, scraper installation, etc. - The size, wall thick-_ 
ness, _ type, manufacturer, and lineal footage of pipe; size, type, pressure ( 
rating, manufacturer, and serial number, if any, of the valves installed; the | 
_ size, type, wall thickness, and manufacturer of the fittings installed; the size, 
type, manufacturer, and serial number of valve operators installed: and size. 
length, and wall thickness of fabrications installed. el 
cn (c) River weights and anchors - The size by weight, type, manufacturer, 
and location and spacing by survey station, of the weights installed. aa i> La 
_ (@) Weight coating - The thickness, weight and lineal footage by survey 
_ station, ‘and whether yard coated or fieldcoated. == j= 
Rie. Casing - The size, wall thickness, type, manufacturer and ————— 
“of casing and vent pipe installed; the size, type, manufacturer, and number 
of casing insulators and end seals; and the location 1 by survey station and dee 
_ (f) Protective coating - . The amount and manufacturer of primer, a 
and wrapping used; the type of coating, usually specified by the pipeline com 7 
pany as to the ‘number of enamel coats, and wraps used; and the lineal footage | 
based on the beginning and ending stations of the various types installed. 
(3) Electrolysis test and protection sites - The kind of test site, usually 
by the pipeline company, as to foreign line crossing test sites, 
- calibrated test sites, insulated test sites, etc.; the number, size, and lineal ae 
footage of wire installed: the the type, ‘manufacturer, and number of of receptacles 


> 

i 

| | | 
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station. “The kind of site, “rectifier, anode bed or combination 
of; the type, rating, and manufacturer of the rectifier; the number andtype | 
of anodes used and the spacing of them; the size, type, and lineal footage of 
td wire installed; the size, type, and amount of wire, poles and hardware used to 
furnish power to the and location by survey station of the rectifier 


2 


the number of the aerial marker, the milepost of the road marker, and loca- 


j 4 2. The inventory - should be presented by means of sketches of the ‘ctor, 
: - installations, or by as-built marked construction prints of the installations. 

: om he sketches or as- built marked prints should be clear and concise, — 


material description and dimensioning for and layout de- 


of the appurtenance inventoried, the appropriate account 
ber, as set up by the regulatory commissions baa the use of the plan account — 

ne” Upon completion of the field inventory the sketches or as- built marked — 

prints are forwarded to the office for Survey sta- 
I tioning is changed to conform to that of the rechain survey, tabulated inventory — 
lists are prepared, and the is to the final 


and its as finally constructed. Some of the ¢ considerations 


to be taken into account in the preparation of the final drawings are as follows: 


‘ 1. There are different types of rechain alinement drawings presently in i 
use, the most common types being the conventional type of sheet upon which — 
_ the map background and topography are drawn by a draftsman, usually using» 
pencil or ink on tracing paper or cloth, and the aerial alinement-sheet upon 
which a mosaic background is “produced, through photographic means, to a 
matte-finish medium, which is suitable for drawing. Another method, although - 7 
not as commonly used, is the use of a transparent matte-finish film overlayed ; 
on aerial mosiac sheets, all information being shown on the overlay sheet. 
of these methods, the use of the aerial alinement sheet reproduced from 
aerial photographs is becoming increasingly popular for several reasons: 
4 (1) Drafting time is cut down, since all topography is on mosaic; (2) Topography 
on the mosaic is more accurate and complete; (3) Advancements in reproduc- 
tion equipment, materials and methods, have refined the quality of final prints 
= and (4) Photographic “printing medium used is dimensionally s stable 


as the rechain are a permanent record, subject 


e of sheet 


= 


| 
q 
= 
pared. These drawings, referred to as completion, as-built, final or rechain 
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-BUILT RE RECORDS 


ay (a) A _ topography strip, with the pipeline centered | on it, the strip be being a 
All topographic features by the pipeline be ‘noted by 
om.  () All geographic and political boundary lines crossed by the pipeline 


marry be noted by the pipeline rechain survey station, = = ~~ 
@) All deflection angles» should be noted by the pipeline reckain survey 
 @) All properties crossed byt the pipeline are tobe noted as to the ‘property 
- Owner and right of way tract number assigned. Property lines should be noted 
7 * (f) Electrolysis test and protective sites should be noted by the pipeline 
a rechain survey station and designated by symbol astotypeofsite. 
pipet () Main line valves, Scraper be 


‘be on sheets and included as part of the rechain drawings. 
a — Plans and profiles of major water crossings should be drawn at an 
i E enlarged scale on supplementary sheets, and reflect river weight coating in- 
formation, bank protection measures if used, as wellas water surface and top — 
¢ pipe and stream bed elevations, If the pipeline : is ; carrying liquids, a pro- 
file along the entire length of the line should be shown. spate: <p typtndnd 

_ @j) The rechain stationing should start at the origin of the pipeline and 

- continue with the flow of the line to the terminus. Mileposts should be noted Py, 


es (k) A piping band with the line shown in euhamnatte form should be included 


on the sheets, and pertinent information as to line pipe, casing pipe, protective 

- 3. To arrive at rechain alinements a —— new set of drawings can be 


made or the preliminary alinement sheets canbe converted to a rechain status. 7 


economical, unless relocations and Changes" in plan a are of such volume and 
plish the ‘conversion of sheets with the minimum ‘amount of labor, the pre- 
_ liminary sheets ‘should allow two strips or alinement bands, one for the pre- q 
liminary survey stationing and one for the rechain stationing, these being 
located above or below the topographic strip. The preliminary stationing is 
noted on the preliminary alinement band and the rechain stationing is noted — 
on preliminary alinement ‘band and the rechain alinement band, thus 
eliminating erasure of all preliminary stationing. 
ie Upon completion of the rechain alinements, the necessary prints are 
made and distributed to the various departments an and f field offices as required 


_ for maintenance and operational use. 


Of the two, the conversion of the preliminary alinement sheets is the —- 


MAINTENANCE 


| 
a 
q 
| 
7 
| 
~ 
| 
| € _ The initial phase of c& : ds on a pipeline project is by 
no means the final phase. In order for the as-built records to fulfill require- § 
= = ments, mandatory or otherwise, the records, particularly the rechain draw- : 7 
— 


i will occur, valves may be added, the line may be relocated, casings maybe 
added, or line pipe may be replaced. These changes have to be incorporated — a 
with» the. existing records and reflected on the rechain drawings. The same 


factors that apply for a new installation—rechain survey, field inventory, 
_ ve yong drawings—also apply to any changes made after the line is in operation. _ 
If the line has been relocated, a rechain survey of the relocated portion is 
“necessary, likewise a field inventory of material removed and installed is 


and noted coted by revision on — 

maintained by companies are, in effect, a history of 

ae. transactions or projects engaged in by the company. The records are an in- Z 
valuable source of information a as tow what transpired | methods used, and re- ? 
sults obtained. They are frequently used asa criterion c or basis for future — 
_ planning by company management. Inasmuch as as-built records made and > 
maintained by company engineering departments are an integral part of 7 
company’s record program, both for company needs and mandatory regulatory 
commission requirements, it is essential that every effort be directed to in- 
sure concise and current records. Inadequate or poorly prepared records are 

not justified, nor | will they fulfill the requirements of the company or regula- ; 


‘This report is respectfully submitted d by the Task Committee on ‘Pipeline _ 
Location, Committee on Location of the Pipeline Division. 
AL 
ad 
M, O. Schmidt 
E. O. Scott, Chairman 
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ings, should reflect the pipe line in a current status. Obsolete or out-of-date 
drawings can cause considerable confusion and sometimes costly mistakes. 
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LOCATION: ENGINEERING SERVICE AGREEMENT® 


Progress Report 
Task on Location 


th 


A model agreement covering most types of engineering-survey sons 


> 


; at a pipeline company might expect to obtain from outside organizations is 
i presented. Representative Section headings: Location of Route; Scope of Pro- a 
ject; by Furnished by Company; Location 


= = 


: 


— neering service agreement for surveying and mapping services. It is seemed 


that pipeline companies engaging outside engineers for such services will a 

able to adapt — model to their specific requirements in many cases, and _ 

that: model consistent with the requirements of ethical practice 


"ENGINEERING SERVICE AGREEMEN 


Engineering Services Associated, hereinafter referred as the “ “Engineer,” 


“hereby agrees” to furnish to Pipe Line, Inc., , hereinafter referred to as the | 


Note, Discussion until duly 1961. discussions should be submitted 
4 
the Journal of the Division, Proceedings of of the “American ‘Society 
Civil Engineers, Vol. 87, No, PL 1, February, ‘1961, 
 @ This paper will form the basis for an Appendix item in | a proposed ASCE Manual of | 


a 
Proceedings of the American Society of Civil Enoineers 
| 
ale 
AS a part of its assignment to prepare material for publication on practices * a 
4 | 
i 
| 
| 
| 


“Company,” engineering : services of and mapping as specified below 
for approximately miles of | pipeline between 
(location) and (location), all inaccordance with recog- 
4 nized engineering and in with the Company’s authorized | 

map marked “EXHIBIT A? and in ‘connection 
made a part hereof shows the tentative route of the pipeline. The starting | 
—_- and terminus a are defined as to Section, Township, Range, ‘County and 

with another | cadastral definition) 


of the work ‘under | this is to survey a pipeline route, ob- 
taining sufficient engineering data for the preparation of maps and for the 


a acquisition of right of way, for the perpeee of constructing and operating “a 
Specified diameter pipeline. 


. STARTING DATE AND 4 
(location) or about 
(month), Saat: and shall continue with 
due until is completed in accordance with the job 


and general specifications contained hereunder. 

a. It will be the responsibility of Company’s authorized representative to 
determine whether the weather is too inclement for survey work. Presertes 

forms for daily work sheets will be approved by Company representative, | 

_ hereinafter called “Field Engineer,” as to time and progress of the project. 

Payment will be made for the progress shown on invoices submitted in tripli- — 7 

Cate by Engineer at the close of each calendar month. Upon the approval of 
such by Company, payment | will be made promptly for the amount 


i 


All enter upon private, public domain, or state will se- 


IV. RIGHT | OF WAT CONTACT, PERMITT 


: ‘ferred to the Field Engineer for the proper handling by the Company’ Ss Right 


MATERIAL AND ND EQUIPMENT [ FURNISHED BY BY BY ENGINEER | 


A. Engineer shall furnish at his own expense all transportation for his 


ba parties necessary for the proper performance of the work, &g 
_ _ B. Engineer shall furnish all surveying equipment including but 1 not limited 


to transits, tripods, levels, steel taps, chaining pins, level rods, range f poles, 


| 
| 
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SERVICE AGREEMENT 


and —_ oiiiai g instruments shall be ) kept in in proper cee at all 


Engineer shall furnish all expendable as survey stakes 


(1 in.-by-2 in.-by-12 in.), lath (4-ft-long.), flagging (orange preferred), crayon, : 


and other supplies deemed necessary by the Field ‘ield Engineer » to insure a | well= 
D. she fur sh special equipment as 


a E. Engineer shall furnish other ‘Special equipment upon written approval 
by the Company. 


n= 1. matte), ‘maps area), 
plats from the U.S. ‘General Land Office (USGLO), quadrangle sheets from dll 7 
Company will furnish other forms that ‘Company may deem 


the survey, and for me of appropriate records. 


All operations shall | be ‘conducted ina manner, and reasonable 
- precautions shall be taken to avoid any damage, other than normal wear | and 


tear, to gates, bridges, roads, cattle , fences, and stock watering fa- 
z= 3 No firearms of f any description shall be permitted to be ¢ carried on t 
right of. way by any member of a survey party or in any car transporting 
members of a survey party. 
. Engineer shall make every reasonable effort to avoid 
land-owners and tenants, and shall endeavor to preserve existing good rela- 


tions between them and Company, In the event of any damage to crops, fences, S 
and other property through negligence on the part of Engineer, Company will _ 


have the right to make settlement and a. the amount thereof from money 


_ 


= furnished by Company for survey purposes. No material departure from this : 
projected line shall be made without the Company’s consent 
= Survey Methods, , Procedure, and Notes. 
1. The transit line shall be staked continnousty on horizontal cha chaining at 
10 100 ft intervals and the d deflection angles turned | to read to the nearest minute — 


and recorded at all . All P.I.’s, OT. 's and fence 


| 
q 
i | 
lll: MATERIAL FURNISHED BY COMPANY or 
| 
] 
q 
q 
&g 
&§ 4 
S shall be 


— The true bearing may be obtained by solar c Polaris obser- 


—_—- or by the use of U. S. Coast and Geodetic Survey (USC & GS) and 

' . azimuth points. The magnetic declination shall be set off on the “eal 
ss go: that the needle readings on the compass circle may be read directly from ; 
true north. The readings shall be recorded in the transit notes under column > — 

headed “Magnetic Course” as a check on the calculated course. | 
Field notes shall be recorded ina form approved by the Field Engineer; 


see fi field note ‘specimens attached hereto ‘EXHIBIT B. ”) i 


ih 2 @ all ny sketches shall be e neatly a and legibly recorded in the field f| 
“4 at the time the work is 
=. fb) Field notes shall not be transcribed or erased. Corrections shall oll 
made by drawing a line through the deleted portion, which shall be marked 
“Void” with a reference to the page number of the corrected notes, where | 


(c) The survey line s ‘shall not pass within ft of a structure built for 
Os an occupancy, where applicable; provided, however, that in those states 


having laws, rules or regulations establishing greater distances by which such 
survey lines | shall clear sucha structure, , such greater distances shall prevail. 
a - @ Highways, railroads, and other prominent structures located within | 
a ft of the survey line shall be ) Geacribed and shown by stationing with esti- - 
_ (e) The survey line shall be tied to the nearest section corner and, to the 
= that they can be readily identified, the nearest quarter section corner, . 
Property corner, ‘property line. An intersection shall be made on the 
Range line, and section. with engineering station, angle of 
§ ea distance to section corner, and the true identity of corner found 


a complete description of all markings. 


(f) survey notes shall reflect the engineering with 


and they shall include the following: 


Centerline, right-of-way lines, fences and similar features on all 
a railroads county ‘roads, city streets, irrigation ditches, 

Utility lines, specifying type, size and wt whether buried or or over- 
with approximate overhead clearance. ern 


(3) Topographic as top banks, toe of slopes, water 
lines, flood ‘plains, bluff lines, arroyos, Swamp or marsh lands. 
(4) Culture and ‘other features: such 

wasteland, and surface rock. 

6) A maximum deflection angle of 30° shall be maintained where 
inear 


Highway, Railroad Crossings. ~All highway and railroad crossings 


hall be profiled to show sufficient data to enable the drawing of ‘crossing — 
‘permit plats. Pertinent information shall consist of name or other designation 


_ of highway or railroad, angle of intersection, profile with corresponding datum 
to a point | 300 ft beyond right of way lines, ties to engineering stations or 
labeled structures, and pavement, bench marks shall be 


— 
q 
_ 
7 _ from a point a minimum distance of 300 ft prior to and beyond right of way [ff 
_ lines; the minimum angle of intersection with the center line shall be 30°. &g 


SERVICE AGREEMENT 


Each and every , break in terrain shall be plussed, ‘Shots taken, proper identi- 
River Crossings .—River crossings ngs shall be surveyed and profiled to 


‘nel, channel flow direction, ‘high, low, and normal water lines, ‘nature re of 
a cross section a minimum of 300 ft upstream and 300 ft downstream, and 
_ perpendicular t to banks . All river crossings shall be at 90° to ) river channel, 
__ Appropriate bench marks shall be established in secure locations. mae 
_ __E. Mining Claims.—Where the survey is traversing mineralized area, it 
_ will be necessary to ascertain the boundaries and position of each navidad 
7 mining claim with appropriate intersecting engineering stations on each side 
= or end line. Lode claim and placer claim forms will be furnished by the 
Company, to facilitate the duplication of the actual existing mt — as 
F, Profile Levels. —Engineer shall, when specifically requested! in writing, 
make a continuous profile concurrently with the slack-chain remeasurement, © 
a level survey along the side of the open or backfilled ditch with coinciding - 
_ engineer station, equated periodically, and intermediate bench marks shall 
be established in secure locations. A circuit of — — —_ be 1 run peri- 


he G. Datum and Bench Marks. ;.—The datum to Be sit shall be the standard 


basic sea-level datum. Company will furnish Engineer witha list of USC & GS- 


ve 


IX. INVENTORY 


ae 7 The constructed pipeline shall be remeasured for inventory. The e starting . 
point shall coincide with the original survey line. The slack chain n measure- — 
ment shall be carried along the edge of the open ditch as closely as —— 
so that the accurate length of pipe may be obtained. VWittira., eae 
we _ Slack chain measurement shall be continuous with use of chaining pins 
and following the profile of the ground. The slack chain shall be equated to the 
- original survey at all P.I.’ s, -P.O.T.’s, fences, and other significant stations, 

to determine that there are no major discrepancies between survey measure- oa 

_: and slack chain. Distances shall be measured to a reference point at 

all P.I.’s, P.O.T.’s, and fences to establish the position of the pipe in relation- ? 


Additional data required from Engineer with to engineering 


stations are as follows: 
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station at which constructor began and ended v various 
‘types of coating and wrapping, 
— Engineering _ station at which constructor began and ended various — 
Engineering station for beginning and of various types of 
shot, rock-ripped or machine-ditched) and depth of ditch, 
"Engineering station at block valves, pipe junctions, mile posts, begin- 
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a ~ Centerline, , Tight of way lines and fences on all highways, ae. 


= Utility lines” described as to owner, type size, and whether buried or 


_ (h) Topographic features such as top of banks, toe of slope, ‘water line, ; 
 & Culture and other features ‘such as timber, crop cultivation, pa pasture, 


1 perform all duties ‘incidental to this agreement, ine 
specified. below. All per diem items as well 
mileage allowances are included in these rate 
‘Special Work or Per ‘Diem Prices.— —Survey Party and other 
for ‘special work requested by the Company, including n moving party to various — 
: locations necessitated by rerouting or refinement of work; moving time to be 
based on hourly or daily rate schedule for survey party or other personnel, = 
a which shall include “mileage allowance, subsistence allowance. Company will 
the privilege of electing to use individual contract personnel at the appli- 
cable” rates given below, under Item B, or party rates given under Item C, 
_ whichever is to the advantage of Company. The following rate shall be appli-— 
cable to an 8-hr day or 40- hr \ week operating within a radius of 100 miles ot 
; their permanent headquarters. Rate Schedule applicable t to work beyond oper- 
limits shall be below in in Items D and E. 


Hourly Rate eDaily Rat Rate 
. Party, Chief Chief 

(3. Chairmen 
» 

Laborers 


Vehicle, all expenses 


Cc 


Vehicle, all expenses 


2, Four 
our man ‘party 


| : 
4 
; 


Whenever: work in excess of 8 hr in one day is deemed necessary by 
Field Engineer and so authorized, additional compensation in the amount a 
of __% of the basic hourly rate will be made by the Company, SiGe 
: GT For special equipment listed in Paragraph V- ‘D above, the following 


H. Other ‘special equipment (see Paragraph V-E above) willbe co compensate 
in accordance with the terms of negotiations at time written | approval is 


Contractor shall carry and maintain throughout the performance of this 
Workmen’s Compensation and Employer’ ‘Liability Insurance statutory 
for the state or states in which work is to be performed. en Ba 
vad B. Comprehensive General Public Liability insurance with limits of not 
less than per person and for accident and General 
Liability Property Damage with limits of notless than per 


Comprehensive Automobile Liability insurance, including hired cars” 
= and non-ownership endorsements with limits of not less than =~‘ per 
2 person _ _ per accident and Automobile insur- 


i 


LITIGATION 


- Nothing in this Agreement is to be construed to obligate the Engineer to. ne 


prepare for or appear in litigation in behalf of the Company, except in con- | 


ideration of additional ensation, 


be terminated days’ written notice. In the 
event of such termination, the Engineer shall be paid the proportion ¢ of the 
amount due him under Article X at the termination date, including commit- 
om ments that cannot be terminated and paid at the time of such termination. 
This agreement made the inthe Year AD, 


above called “Company.” 


| 
| 
XL INSURANCE REQUIREMENTS 
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7 If, during the progress of the work, it should become necessary for the 
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> 
— 


Schaffer 


= 
M. O. Schmidt 


pad . Chairman 


- hes This report is respectfully submitted by the Task Committee on Pipeline 
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‘Task Committee on Pipeline Location 


cations due to | right of way and other requirements; - restaking and referencing 
for construction and as-built records; supervision, progress control, and b 


control major and site work; quantity measurements. 


It is desirable that the field engineer who supervises the reconnaissance 


and location | survey for a pipeline be assigned as the construction engineer 
_asection of the pipeline, serving in that capacity until the line is completedand 
_ accepted by the company. Thus, the construction can benefit from the engineer’s | 
ial thorough familiarity ° with the problems involved. The engineer’s duties on the 
oa construction phase of a pipeline are varied. The extent of his responsibility. 
and functions depends on management’s 8 | policies, the location of the » project, 

_ and the type of line being constructed. 

_ The purpose of this paper is to outline the most probable functions that 

the he engineer will ee. during the different phases of construction, The 


Note.—Discussion open until July 1, 1961, Separate discussions should be submitted 
for the individual papers in this symposium, To extend the closing date one month, a 
written request must be filed with the Executive Secretary, ASCE, This paper is part 
Se of the copyrighted Journal of the Pipeline Division, Proceedings of the American weed 
of Civil Engineers, Vol. 87,No.PL1, February,1961,0 
Bi 8 This paper will form the basis for a chapter in a proposed ASCE Manual of Engi- 
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‘paper is divided into one corresponding more or less with the construction 
—— 
-WAY 
T-OF-WA 


The engineer on . construction should be in close « contact with t the right- of- 
wy. representative or supervisor on his section at all times. At the beginning» 
of construction, portions of the right-of-way may not have been acquired or 


in order t to secure easement. Sometimes these special requirements or pro- 
- visions may make it necessary > to | consider relocating portions of the line. 
When such conditions arise, the engineer and right-of-way man should study 
- and evaluate all possibilities and | agree on the most feasible location with all 
The engineer and right-of-way man, being informed on ‘the matter of 
special provisions, should communicate this information to other interested | 
construction | personnel. . engineer may elect to indicate on the ground 


; 7 _ areas where special provisions are imposed (by special stakes or flags) rm 


to show on working prints v where construction will have to deviate fi from 
Another matter that calls for close. cooperation between the en engineer and 
the right-of-way man is the securing of permits from federal, state, and local 
"agencies having jurisdiction over highway crossings, drainage districts, 
y river” crossings, ‘federal and state lands, monuments, parks, forests, game 
preserves, and other properties. _ They should also work closely on securing 


permits from privately- owned entities that may require permits, such as 


also establish a means of checking the status and requirements of allpermits 
so others concerned can be advised and kept informed. In many instances - 
permits require some engineering and checks at the location of the crossing a 
or site when the pipeline is being installed, so the a should be visas 
able to assist when called upon by construction personnel. 
al During the final phase of construction the engineer is called upon to check — 
& on questionable damage claims and furnish to the right-of-way department 


any engineering data or ma s the ‘request to substantiate or discredit such © 


RE STAKING AND REFERENCE STAKES 


eat “power companies, lumber companies, and others. two should 


iat, especially an there. is a hom of time between the staking of the 
line’ and the beginning of construction. Many stakes ‘become or 


“right of way or stringing pipe takes special measures to preserve the stakes. 
‘It is the responsibility of the construction engineer to see that sufficient 
‘stakes: are in place at all times for the guidance of excavating machinery to 
® _ prevent any damage or rupture of lines, especially if the line being con-— : 
_ structed is adjacent to existing active lines, Also, any crossovers of owned - 
by lines, ‘foreign lines, or any other underground facilities should be well staked — 
line under construction sometimes crosses properties on which the 
working is limited by the _right- contract, lines, 
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CO NSTRUCTION DUTIES 19 
by “some other physical obstruction. This situation will re require the engineer 
> in charge to stake the limits of the working space so that no agreement will | 
be be violated and no property v will be endangered or damaged. The working Pt 
, space should be staked and flagged in a way that will leave no doubt as to “ 
boundaries of the limitations, eee 
Pe During the construction of a line and prior to the actual inventory, the | 
engineer = should know what information will be required on the rechain or 
_ inventory and make use of every opportunity to set reference stakes and to 
"record the information on facilities or installations while they are visible 
or ‘prior to being backfilled. Data include such items as drain tile, sewers, 
. conduits, water lines, and foreign pipelines crossed by the pipeline under 
construction. 1 The engineer should b be sure that sufficient station stakes are 


in at all times for : reporting the progress s of the different phases of construc-— 
In addition, reference stakes or ties should be made relative to such items. 
as changes in pipe weight and kind, protective coating, casing installations, A 
appurtenances, river weights and anchors, weight coating, and the limits of 
contractor’s work. These data are required for the purpose of final settle- _ 
_ ments as to the amounts of standard ditch excavated, extra-depth ditch ex- 
cavated, protective coating applied, and amount of pipe laid. The construction 
engineer should keep in mind at all times the necessity of establishing refer- 4 
ences and taking enough ‘notes and measurements § so that the “ “as- -laid” "or 


— 


On major stream crossings the of. engi- 
“ neer are numerous, The engineer, _ usually working from a monumented base 
line, should set- up targets, _ markers, gauge boards, buoys, and any other — 
- guides needed to keep the excavating equipment on alinement and to esta- 
~ blish- ‘the limits | of the trench. At the time the trench is being dug the engi- 
-neer is relied on to furnish progress data and to check the trench with re- 
spect | to compliance = all requirements. _ It is also a common practice for =: 


records as the stage of the river, hours equipment worked, “weather, general 


progress, any unusual conditions, and any information that is practical to 


- obtain as to the type. of excavation encountered. On the laying of the pipeline . 
across a major river, the construction engineer is expected to check and pro- 

_ file the line as it is placed in the trench to see that it conforms to specifica- _ 

tions | and meets the depth and other requirements of regulatory bodies. He > 
should also be able to furnish all data for the as-built records om have all a} 
On small stream crossings the are of the line in place and the as-built 7 


information i is essential. 
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| 
= | built” records can be made complete and accurate, 
On long and difficult highway, street, and railroad crossing, grades a= _ 
&g -—--- checks are usually necessary and require an engineer to be 7 
é 
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MISCELLANEOUS 


The nave’ 
as ‘the of shot rock, ‘ripper rock, extra-depth ditch, and bank pro- 
The locations block valves, meter stations, and | taps are usually de- 
~ gignated by the construction engineer after considering accessibility, terrain, 


and the availability of sites. The proper location for aerial markers and mile- 7 
- markers are usually designated by the engineer. 


RELATED CC CONSTRUCTION 
The nies are additional duties, related to station construction, that 
may be assigned to the construction 1 engineer, ‘depending on his work — 


the magnitude of the project. 
‘ oud 1. Station layouts, including the location and grades of buildings, ite, 


machinery foundations, sanitary facilities, auxiliary pipelines, tanks, roads, 

Layout and determination of the capacities of firewalls, , and co computa- 

on of the quantities of earthwork in these works. 

3. Establishment of the location of scraper traps, manifolds, and other 

SUMMARY 


he and responsibilities Of the | have been 

a generalized, and in many cases they may be expanded or reduced depending — : 
; on the project, management policies, and the availability of other personnel. — 

7 . The duties also_ will vary with the type of line being constructed, 

j it is gas, crude products, or L.P. -G., or whether it is a trunk line, gathering 


go>. 


H. ‘Schmidt 


0. Scott, ‘Chairman 


= 
replacement and stabilization of river banks after the construction 
_ a line quite often proves a problem, so the construction engineer may have to 
. = act as an adviser to other construction personnel on means and ways to ob- 
tain adequat 
| 
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SYNOPSIS 


to a ‘pipeline. Procedure described includes: assembly and analysis 


of available data, preparation of a strip map for field use in preliminary re- 
by air and ground; selection of general socation; ground 

reconnaissance; preparation of the report. 


the determination of the most economical route. The reconnaissance report, q 
which includes estimates of project cost, enables management to decide 
whether or not to proceed with location surveys and construction. 
6a The engineer who conducts the reconnaissance must be thoroughly « experi- 
enced in pipeline costs under many can be 


the field. 
4 


Note, —Discussion open until July 1, 1961, discussions should be submitted 
: tee the individual papers in this symposium, To extend the closing date one month, a : 
4 _ written request must be filed with the Executive Secretary, ASCE, This paper is part 7 

: 4 the copyrighted Journal of the Pipeline Division, + cra of the American Society © 


of Civil Engineers, Vol. 87,No.PL1, February,1961, 


_ @ This paper will form the basis for a _— ina proposed ASCE Manual of Engi- 
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Cost” Fecters. — Principal cost factors to be considered in this review of 
‘prospective locations are location-survey costs, construction costs (including - 
materials), ~of-way costs and maintenance, and and operation cost. 
7 of All of these factors enter into the reconnaissance engineer’ s s consideration | 
_ of each project detail as he carries out the logical steps of his assignment: — 
assembly of available data; (2) map analysis and preparation of strip maps 


for field use; (3) preliminary reconnaissance by air and ground; 4) = 


_ tion of reconnaissance maps, showing the general route selected after pre- 

liminary reconnaissance; (5) a detailed ground reconnaissance; and (6) prepra- 
tion of the reconnaissance and cost report. 
_ Available Data.—Existing maps and are the principal items to 
be analyzed in the selection of possible routes for a pipeline. 

‘United States Geological Survey, Dept. of Interior (USGS), tc topographic 

- sheets, available for many areas in scales from 1/2 in. = 1 mile to 2 in. te 
mile, are useful at this stage. Others are U.S. Army Map Service strategic - 
maps (small scale), Civil Aeronautics Administration (CAA) flight maps, state 
ae highway maps, county highway maps, and specialized maps of 

_ ‘Various scales. The better topographic maps are good sources of much deena 

control data, distances, and elevations for hydraulic design. 

a _ Photographs may be those with which the newer topographic maps i 


een plotted; they may be U.S. Department of Agriculture Soil Conservation 


Service photos or they may be part of numerous collections taken for area- 


planaing purposes, tax-map purposes or other purposes. It is particularly 


desirable to find photographs of potential river crossings, passes, and other a 


ap Information Office 
U.S. Geological Survey an 
Appendix I cites some of the types of map information from ‘this 
_ office. Several states also maintain centralized map-information services. 
Ss Map Analysis..- —A detailed office reconnaissance of the available planning © 
“mage and photographs to aerial or gound reconnaissance is important. panied 
g contain the necessary geological and physical information to enable the recon- 7 
engineer to define closely satisfactory routes, enable the 
selection» of the most promising lines from sources of supply to gathering _ 
points: and from gathering points to points of delivery. Major physical ob- 
_ stacles such as rugged terrain, , heavily populated areas, and marsh lands can ad 


be eliminated prior to reconnaissance. 
pe Strip maps of potential routes should be prepared to a scale such as 31 a. - 
= 1000 | 3 by techniques of enlargement or reduction from existing-map © 
; ; ona. The scale chosen should be large enough to provide space for notes 
= and it should be small enough to permit unrolling without undue haste. 
a. Preliminary Reconnaissance.—It is frequently advisable and economical to 7 
fly over the potential routes before beginning the ground reconnaissance. The | 
_ strip maps are easily used as flight maps. A diary of the fight and findings — 
essential. Notes on maps or are invaluable. tape recorder, 


field glasses, and camera are great assets. 
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‘Air reconnaissance is actually a large scale, cursory 
examination, It is a planning aid, not adetailed examination. However, it is im- Fs 


_ portant to review the route from the air to eliminate major physical obstacles, 
and to select the most satisfactory general locations for compressor pumping — 
7 station sites, river crossings, highway, and r: 
4 critical points at which the lines should be fixed before ground reconnaissance © 
is started. In the area the reconnaissance engineer should note and describe 7 
the type of terrain, crops and other ground cover, surface geology and man- 
‘made ‘structures. He should circumscribe areas to be avoided, noting di 
tions for additional study during ground reconnaissance. Back in the office | : 
- * he can modify the routes he originally s selected before starting atiaeiiie recon- 
to be obtained during aerial reconnaissance includes: Terrain— 
whether flat, gently rolling, rolling, steeply rolling, heavy rolling, or oo ill 
and rough; ; culture—whether timber, field crops, pasture, or chards, truck 4 


_ Gardens, nurseries, or other distinctive culture; surface geology—such features 
= eroded areas (wind or water), rock, dunes, general drainage, major 
_ streams, lakes, ponds, , sink holes, swamps, marshes, muck beds, slide areas, 
cliffs, and muskeg; and man-made features—such as transmission lines, 
«types and density of roads, “railroads, pipelines, industrial areas, suburban 
areas, resort areas, parks, golf courses, landing oe military installations, 

drainage canals, irrigation canals, reservoirs. 
- ‘After flying, marked-up strip maps, notes, , and nd tape-record transcription © 
are analyzed and rough cost comparisons are- run on the promising routes. 
_A second flight may be desirable to review the promising routes and clear 


_ Ground reconnaissance of promising routes can be made by automobile, | 


in critical and inaccessible locations, where the route should be 
7 a checked on foot. Considering that this preliminary reconnaissance is made to 
_ select a route that can be photographed and not to pin-point the exact locations 
be surveyed, this preliminary reconnaissance should ‘proceed rapidly. 
However, every effort should be made to eliminate all costly obstacles to 


Generally the following items should receive prime consideration during 


— River Crossings. —River crossings are costly to construct. If crossings 
are not. properly located for permanence they can be serious sources of 
trouble during operation. Interruptions in service resulting from breaks at _ 

a crossings | result in serious losses in operating revenues and repair 
a The ideal “crossing has high, stable banks and a straight, stable chan- 


7 nel, A rock bottom may be costly to excavate = may be asd stabilizing mater 


ita federal « or a “state ‘navigation or water body, has jurisdiction 
over the river at the point of crossing it will be necessary to obtain a license — 
to cross. This body, which must be consulted prior to obtaining a permit, — 
also be a valuable source of information regarding the characteristics 
of flow and the stability ' of the banks and the channel. It will stipulate the | 
~ depth at which the pipeline must be laid below the channel. Its hydrographic 
records will show the high water mark, the minimum elevation at which 
‘Manifolds or gate valves should be located. reconnaissance engineer 
_ should determine to his satisfaction whether a crossing should be laid with a 
_ single line, dual lines or ona bridge overhead. His study should consider the 


"experience of operating pipelines in the | area, 
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} a will result in costly excavation and ditch padding or rock shield should be 

7g bypassed. Often rock is not visible from the surface because of a heavy soil 
_ overburden, However, it is often apparent in highway and railroad cuts or 

creek beds and steep slopes. It is usually wise to consult the geological 

agency of each state to obtain rock profiles or information regarding rock 
formation in the vicinity of the proposed line. Areas of rugged terrain general- 


a pipeline through rugged terrain can be expensive. Rugged terrain is 
generally characterized by steep slopes and narrow, deep gullies, arroyos, 
or stream beds. Pipe laid in such terrain must contain numerous overbends — 


ly contain some rock. However, even without rock, construction and ower : 


and sag bends, which are not only costly to construct, but also affect the - a 


the lines. The ditch will ‘wash on steep ‘slopes and in rapid 


: oS stream bottoms, requiring excessive maintenance. Rugged terrain should be 


_ by-passed or substantially eliminated, if this is possible without tenwacball 


rie - Areas of High Land Crop Values. —Real estate values are generally high 


- 7 = in the vicinity of communities, therefore it is wise to locate the pipeline at A 


a reasonable distance from existing developments. However, _ land values may 
be exorbitantly high where expensive high-yield crops are grown. To avoid 


> 


such expensive right of way, the reconnaissance engineer should select loca- 


tions to miss plantings as orchards, garden ¢ crops, nursery stock, 
tobacco, rice, marketable timber, and so on. 
_ Additional Items to Note.—In addition to the foregoing, during ground re-— 
connaissance particular note should be made of the following: (1) Railroad 
and Highway crossing type and amount of casing required; (2) transmission 
ne power data; (3) foreign pipeline and cable location; (4) rock, slide areas, 
_ swamps, marshes, muck | beds, and height of water table; (5) accessibility to” 
route for stringing and ‘maintenance and from shipping points; (6) general 
_ types of soils that will be encountered; and (7) rainfall, average a 
_ frost depth, snowfall, first and last killing frost, and soforth, = 


On this travel the reconnaissance engineer should be ; when 


feasible, _by a geologist, a construction or maintenance man, an estimating 
a engineer, and a right-of-way man. Maps and notes prepared for the study 
should be taken along, as should such equipment as a tape, compass, alti- 

_ meter, field glasses, camera, and tape recorder. Approximate measurements © 

m for estimating major construction qualities should be made as this reconnais- _ 


Certain state and county information also should be obtained, including: z 
From m highway _departments—road crossing specifications; permit ‘form; 


future « expansion or highway program; (2) from the waterway agency—require- 
ments for crossing of streams under state jurisdiction, etc.; (3) from the 
conservation agency—location and requirements for for state forests , park areas, pas 


‘game refuges, etc.; ; (4) from the state land office—requirements for crossing 


- state- owned lands; 6) from the state geological agency—geological maps, soil 
‘maps, ‘drainage maps, bench mark data, ; (6) from the state university— 

_ agriculture atlas, soils, industry, climate, data, etc.; - and (7) from the a 
or parish specifications, "permits, zoned areas, plat 
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RECONNAISSANCE 


‘a pipeline location and design are treated elsew where. 
_ Preparation of Reconnaissance Maps.—Upon completion of the preliminary | 
air and ground reconnaissance ‘by subsequent analysis, the engineer has prob- — 
ably pinned down ‘the location | of the line to be constructed to within a width © 
of 1/2 mile . He is now in a position to prepare base maps to be used for 
"aerial photography — and subsequently surveying, mapping, and right of way 
i, a work, He should revise the lines on the maps he has previously prepared so : 
they may be used for flight maps. 
Photography should be procured at this stage, particularly if photographs a 
owe not available or if available photographs are not suitable from such stand- 
points as scale and up- ~to-dateness, because they will be used frequently - 
—., <a Contact prints are used for _ Stereoscopic interpretation of terrain in the 
a prior to ground reconnaissance, in the field during the reconnaissance 7 
and throughout surveys. Thorough stereoscopic study is an invaluable aidto 


selecting the while maintaining the shortest lines. Ground 


As an aid in photograph procurement, Appendix II (not included inthe | 
_ present paper) is an outline specification for aerial photography. re | ee 
Other photographic aide, utilizing the basic continuous 


—_ ‘ane may “become unmanageable. The latter can cover 5 miles of 
alinement per mosiac and can be used in with profiles: to make 
Detailed Ground Reconnaissance. Detailed ‘ground: reconnaissance is simi- 
lar in scope to the preliminary ground reconnaissance, requiring the same . 
q grouping of skills and type of data about the route. More detail is observed, 
_ but it is usually observed along a single narrow strip. _ 


a. _ Upon completion of the detailed ground reconnaissance, the reccenate- in 


Sance engineer should have selected the exact location to be surveyed, This 


will necessitate continually altering the route and delineating this route on 2 


* the contact prints and maps with which heis working. It will require examina- 
tion and re-examination of the altered routes as he proceeds, 
also will have made and of sufficient precision 


casing rip rap, various ‘kinds; 
extra depth ditch; timber; weights and anchors; and tile troughs. 


RECONNAISSANCE 


dime computation and cost analysis of construction quantities, the olinal 7 
to management is prepared. Feed- in of non-construction cost factors such 
as right of way, maintenance and operation also is 


_ pendix III for a discussion of right- of-way factors. ie 


1 «Regulation of Pipeline Design and Construction, Progress ‘Proceedings 
ASCE, Vol. 85, No. PL 2, May. 
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By 1 means the "written report stteckes exhibits including r route 


or mosaics the report should accomplish the following: 
_ Locate accurately the pipeline location that is the most sede a 
best suited for construction, operation, ‘and maintenance. 
— 2. Provide a complete preliminary inventory and estimate of the cost of 
materials, construction, | surveying, n mapping, and right-of-way services — 
necessary to install the pipeline. 
_ 3. Provide the physical, topographic, and ‘ownership maps necessary for 
‘the performance of the subsequent services required to build a pipeline. 
_ 4, Provide information as to the requirements for permits to construct _ 


the line across all federal, ‘state, and municipally | owned rights of way and 


This report is respectfully submitted by the Task Committee on Pipeline 
«“ Location, Committee on Pipeline Location of the Pipeline Division, vo. 


J.F.Schaffer 
Schmidt 

O. Schmidt 


= Status Map of Aerial Mosaics— Compiled by the Map Information office.. 
: iis map shows all areas for which aerial mosaics are known to have 


5 <a office. This ‘map shows all areas known to have been photographed by 
or for federal, state, and commercial agencies. 


Topo ra hic Maps 
a 41st ‘Status “Map of Topographic Mapping—Compiled by the Information. 
office. This map shows coverage by and 


of Te States—United States Department | 
_ Of the Interior, Geological Survey. These maps show quadrangle sizes, 
names, scales, and dates of survey. _ Quadrangle sheets covering areas 
the. states west of ‘the Mississippi River may be ordered directly 
the Survey, F Federal Center, Denver, 


AND INFORMATION AVAILABLE FOR PLANNING 
i q 
1 | 
&g 
a 


RECONNAISSANCE 

ed Colo. Maps for areas east of the Mississippi River should be ordered 


from the United States Geological Survey, Washington 25, D. C. 
. There are quadrangle sheets prepared by the Army Map Service, Corps eo 


By of Engineers, United States Army, Washington, D.C. These maps may be 7 7 
_ obtained from the United States Geological Survey offices, above-named. , _ 
_ They cover large areas and have greater contour intervals than the - 


‘regular quadrangle however, they may cover areas where other 


1. There is an index map for each state showing the lines of levels that 3 7 
traverse it. A list of bench marks, their elevations and descriptions, 
= be obtained in conjunction with any line of levels. These maps and © 
the information on the bench marks may be acquired from The Director, = 
Coast and Geodetic Survey, United States ‘Department of Commerce, 


4 Information is available on ac additional bench marks from the United 


— 


‘States Geological Survey, Department of Interior, through th the ‘Superin- - 
_tendent of Documents, 25, D.C. ‘a 


—_ There are many other n maps ous information avilable from the Super- _ 
oe of Documents, which may be helpful inthe location and st — 


b. State maps compiled from official records ‘ of | the United States Bureau 

Land Management and other sources. __ 
Location of irrigated land by states. 
Reclamation activities (present and 

Map showing national parks, monuments and parkways, national 


met historic sites, Indian reservations, national wild life refuges, and 
{. Transportation maps, showing highways, railroads, canals, air lanes, = 
and dredged channels. et 
g. Navigation and Flood Control Projects Map—Office of Chief Eng . 
1. Township Maps of Land Survey—These maps are helpful in 
establishing land lines. They may also be used in checking ownership, 
-_ making up survey sheets, and plotting survey notes. Director, Bureau 
of Land Management, United States Department of Interior, Washing- 


Ly) 
--2. Sectional Aeronautical Charts—These charts may be obtained from most “a 
_ local airports or from the Director, ae States Coast and Geodetic — 

Survey, , Washington 25, D. 


¢4 A. Many states have maps and information; available which are helpful in loca- 
sting a a eed and other r information to supplement obser observations made dur- 


— 

| 
a 

| « 

| 

2 

é 

q 
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reconnaissance survey. y. Some the the maps and that ‘may 


‘1. Agriculture Atlas—Will- have information on value, 
* climatic conditions, rainfall, timber, soil, etc. 


Drainage 
4, Geological Ma 
5, Base Map 
Soil Maps 
8. surface Map 


Ola Oil and Gas Industry 1 Maps 


10. 


‘11, Bulletins on Soils A 
12. Maps and Brochures on Highway Expansion pews 
13. 3. Highway and Transportation Maps 


maps be obtained including the following: 
. Platbooks—these books usually are distributed by Farm Bureaus: in the 


counties. The ownership is usually shown, — as is the size of the tract. 

Though the ownership is not necessarily correct it gives the locating 

engineer some idea of congestion and the number of viuibind that will 
_ have to be crossed. 


2. County Seaton 


IIl.. _RIGHT- OF- AY CONSIDERATIONS 


OR Rights-o of- -way fo for pipeline can generally be classified as follows: 


1. Rights of “way on private lands owned by individuals. _ ; 
3 . Rights of way on private lands owned by corporations. 
(3. . Rights of way on municipal, state and federal lands. wz er 
— Permits to cross municipal, state and federal | lands, forests, — 


highways, roads, streams, canals, and ditches. 


| 
| 
—~ 


RECONNAISSANCE 


In reconnaissance, ownership be obtained and the proposed 


_ noted. Many owners should be contacted prior to completion of reconnaissance, 
Each of the these” types of right-of-way should receive the attention of a re- 

1. Rights of Way on Private Lands Owned by Individuals.—It is not the | 

responsibility Of a reconnaissance engineer to know land and crop values, 

but it is his responsibility to recognize when land and crops have value, and 


to consider the cost of obtaining, constructing on, and maintaining rights of 


“owners ‘and local farm agents. “High- value. crops and lands that are subject to 
or usage should avoided because of the 


routings later are expensive: therefore, investigation of use and owner 
isa responsibility of the reconnaissance engineer. 
hic & Rights of Way on Private Lands Owned by _ Corporations . —Ownership 
: by corporations, revealed by investigation of ownerships, heralds the exist- 
ence or potential establishment of plant sites or mining operations. Contacts 


_ with these owners during reconnaissance may provide ir information as to the 


industrial, 
_ ‘merciaily- held surface deposits of gravel, sand, coal, and other minerals may > _ ; 
make the cost of acquiring rights of way prohibitive over large areas. Owner- 
ship investigations also will reveal the existence of irrigation districts and 
‘drainage districts. Many of these are incorporated. Irrigation and drainage 7 
practices” may impose construction restrictions that will make re- routing 
3. Rights of Way on Municipal, . State, and Federal Lands. _ These rights 
of way usually are automatically obtainable upon application unless the lands 
are owned for purposes that prohibit pipelines. . The lands departments of the 
respective jurisdictions should be contacted to determine possible existence 
= a Permits to Cross Municipal, State, and Federal Lands, Forests, Parks € 
Highways, Roads, Streams, Canals, and Drainage Ditching.— — These public 
a agencies must be contacted during reconnaissance to determine the accept- ao 
ability of pipeline crossings. Construction restrictions or proposed plans ae 
= expansion of facilities frequently necessitate routing to satisfy these agencies. 
5. Permits to Cross Rights of Way of Railroads, Power Companies, Pipe- 
= Companies. .— These owners must be contacted to gain their acceptance of 
_ wreosed locations since the construction of pipeline across their rights of way 
‘may interfere with the proper operation or expansion of their facilities, “q 
* Rights of way costs that must be considered during reconnaissance are 
§ (1) initial cost of rights of way or permits; (2) cost of subsequent re-routing a 
to satisfy construction restrictions that may be imposed to preclude inter- — 
ference with the use of lands; (3) cost of pipeline maintenance, including 


damages resulting from entry for maintenance; and 4) cost of additional 


necessary to by- -pass of 


Oads, power companies, and § 
| 
q q 
q 
i 
| 
| 
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PIPELINE 


of the 


RATIONAL DESIGN FOR PIPELINES ACROSS INUNDATED AREAS) 


Progress Report on Task Committee on Floatation 


Committee on Pipeline Installations 
ele 


methods of pipeline are “reviewed; a survey of current practices 
_ in the pipeline industry for anchoring pipelines is presented; methods for 
more efficient and economical pipeline anchoring are suggested; and research 

establish a "technical: for the — of pipeline anchoring is 


INTRODUC" JON 


‘flotation ‘committee was organized under the Pipeline Division 
+ of the American Society of Civil Engineers (ASCE) in May, 1959. The purpose > 
4 of the committee was threefold: to the conjunction with 


basis; to report its findings and to industry 
- facilities of the ASCE. Regular meetings of the committee are held in Houston, 
An important initial action of the Task Committee was to prepare and send 
out questionnaires to survey methods for weighting pipelines in waterflooded — 
areas. The questionnaire was sent to pipeline | ‘companies, consultants, and 
contractors working in the pipeline industry. A chief result of this question- | 7 
naire was to point up how pipeline people differ regarding weight re uired to 
_ Note,—Discussion open until July 1, 1961, Separate discussions should be submitted __ 
a the individual papers in this symposium, To extend the closing date one month, 7 
written request must be filed with the Executive Secretary, ASC E. This paper is part 
_- the copyrighted Journal of the Pipeline Division, Proceedings of the American So- 
ciety of Civil | Engineers, Vol, 87, No. PL1, February, 1961. 
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- resist buoyancy in water-covered areas. A tabulation of the replies to this” 4 


Survey is included in this report. 


The wide variation in replies to the questionnaire is indicative of the rule — ; 
of thumb methods used to specify weighting and anchoring criteria. Results | : 


7 3 of the questionnaire show a need to bring the talent of the profession to oor 


pipeline weighting. Answers to this problem should come from a study of on 

_ the pipeline industry is doing, results with these methods, and appropriate © 
and carefully selected research to solutions to unknown quantities 


: “buoyancy of pipelines. A chief benefit of the committee’s work thus far is to 
find the things that pipeline designers have in common and to sift out the 
problems that remain unanswered. Questions finally worthy of research must a 

be specific unknowns should | broad application and usefulness to 


the committee’s progress todate and to determine the next of 


factors contribute to to the. stability of pipelines across | areas. 
_ The type of water bottom or flooded area is - utmost importance. It is rea-_ 
sonable to expect | stability requirements for. major rivers and for offshore 
7” pipelines to be more severe than those for quiet lakes or across marshes. 


- FACTORS ‘CONTRIBUTING TO THE DESIGN OF PIPELINES 
RESIST BUOYANCY ACROSS INUNDATED AREAS 


“flooding over the existing line even in these « cases. 
~~ _ Pipeline weighting was developed to make river crossings with small crude — 
oil or petroleum | products» lines. ‘It came into paramount importance when — 
_ construction of large diameter , gas | pipelines began. Early weighting was used 
to prevent a “swing” in a line across rivers and to make the pipe current re-_ 
alata Floating in water was no problem for oil and water lines. Today’ <7 
_ large diameter gas lines constructed from high strength steels are thin wall | 
: -~ and of such light weight that the bulk density of the line is often half or less | 


i. that of water. Using high strength steels , buoyancy in water isa problem 


_ Pipeline weighting is most critical in major river crossings and in offshore _ 


pipeline installations. Stability and security of the pipeline is largely 


on weighting in these instances. The aim is to get the » weighting that corre- -— 


sponds with the hazards to which the line may be exposed, 
q i: In marsh and swamp installations, the amount of anchorage ——— on the 
> - meta of laying and whether or not the line is to be backfilled. _ 
7 In occasionally inundated areas such as river bottoms, flood  artifi- 
q cial water bottoms, and other low-lying areas, important economic gains can 
a be made in the study of pipeline anchorage. Condition of occasional flooding — 
in which the pipe might be laid ina dry season offers an opportunity for engi- 
neers to use anchorage qualities of natural materials more efficiently. Here ‘y 
is a situation to be decided by engineering judgment and a safe, economical 
2 design of pipeline anchorage will i depend « on correct appraisal of of the factors 


7 
| 
| 
: 
| 
&§ 


Pipelines , in 1960, transport a multitude of a from natural 
a gas and oil products to liquefied sulphur and pulverized coal. Products in the 
pipeline are an important factor in evaluating weighting requirements f for -, 
Pipe size has influence on pipeline anc anchorage because anchoring becomes 
more critical with an increase in the size of the pipe. Table 1 shows how 
_ buoyancy is a function of diameter for gas pipelines. In smaller sizes, sched- 
ule 40 pipe is used. For pipes larger than 10 in. a wall thickness of 0.375 in. w 
is arbitrarily assumed because so many different thicknesses are > possible. 
Pipe weights should be reasonable for lines of these various sizes. Bertil 7 
As can be seen from the table, gas pipelines in the larger diameters’ ‘must 

_ be weighted very heavily to resist floating. Together with buoyancy, there are 


other water forces that must be resisted. Most common of these are current 


TABLE i. —RELATION OF BUL LK i SPECIFIC | GRAVITY OF TO DIAMETER 


in | 


Specific 


Wall 
thickness, 


‘in inches 


0,218 502 


os 
to 1 
for) 


scour with r rivers and offshore locations. In river r and offshore 


installations in which lines are laid without trenching, weight must be applied» 
to the pipe to make it resist the resultant of buoyancy and current forces. 
For buried lines, for which a ditch is dug and the pipe is pulled in place, ‘but 
hot mechanically backfilled, the pipe must be weighted sufficiently for the 
_ pipeline to stay in place during the backfilling period. The pipe must resist 
_ movement in the face of sediment-laden suspensions, currents, and scours, 


while it is being covered by the process of natural sedimentation. 


bulk “density up to. the ‘desired level. Anchorage is ‘dependent on weight 
: = laid under water because it is usually more difficult and more expensive 


to do anything else. When pipe is laid in an intermittently wet and dry area, 
the pipe might be laid in a dry season and a variety | of methods can be used 


to anchor theline. — 
— 


— 
1 
= | 
inches r feet | per foot | © | 
6.625 | 0.280 0.406 | 70.3 
s | 0.365 ~ 55 894 | 
0.375 | 119 | 491 20:2 
q 
— 


common of we are a continuous coating « of concrete 
or asphaltic material uniformly applied to each joint of pipe. Application is 
_ usually by a rotating process toaid uniformity, and the material is additionally 
reinforced with wire or mesh to prevent the thin application of weighting ma- 
terial from spalling off the pipe when cracks occur, = pains 


7 weights. These are e horseshoe- shaped concrete masses that straddle the | ell 
at predetermined spacings to furnish weighting. Precast concrete weights are | 


also in bolt-c on sections that encircle the pipe. 

weights are still being used, Heavy- wall pipe is ‘used in some instances to i 

_ weight the line, but this is an economical solution for pipes in smaller sizes 
wrapping of plate is another common method used to increase weight 


Engineers are currently making more extensive use of mechanical 


iter soil and conditions are -e favorable. Where they | apply, ‘such anchors 
can be installed more economically than can gravity-anchorage 

4 sulting from application of concrete or steel weighting material = = =~ 
The most common anchorage system used on pipelines is natural backfill. ie 
In many instances pipelines have been subjected to unexpected surface flood- _ 
_ing and temporary saturation with never any danger of flotation. In natural — i 
consolidated backfill, friction, cohesion, weight of overburden, and even vege- 
tation prohibit the movement of the pipe. Except for rivers and offshore in- | 

_ stallations, pipeline anchoring problems are most critical during and immed- -, 
jately after construction . Application of anchorage is chiefly an aid to con- 
struction to get the pipe backfilled and toprevent movement of the line during 
the initial period of operation. ‘After backfill becomes 
pipe flotation are rare even in areas of pout soll 


_ the sediment must act as a fluidfor the tom to float, and bulk specific gravity 

of the pipeline has to be less than the specific gravity of the sediment. E 
‘a Certainly these are truisms, but they clarify the issue. The second 

dition is easily fulfilled for gas lines. _ Except in instances of poor soils or in 


do not act as fluids. The overburden must ‘become liquefied for a pipeline to 


cases of extreme disturbance, backfill materials retain soil properties and _ a 


float of a ‘prepared ditch has as been 1 mechanically backfilled. 


RESULTS OF QUESTIONNAIRE BY PIPELINE — 


_ In September, 1959, a questionnaire to survey methods for weighting and 7 


_ for providing negative buoyancy for pipelines in waterflooded areas was sent a we 
by this committee bed thirty-four pipeline companies, consultants, and 


chief fields of activity: gas, crude oil, and petroleum products. 
~ Seventy- -five instances of pipeline construction in water and water- a 


1 Numerals in (i)—refer to corresponding items in the Bibliography. 


1 


| 
— 
q 
= * 
| 
— 
— 
4 
= be a problem even in areas subject to flooding. Overburden alone re- 
sults in a significant anchoring force over a large diameter pipeline. Basic 
q 


—-—~ 


bottom or river pipelines. to the are sum- 
as a offshore gas om were ‘reported, all off the coast of Louisiana. 


“Weighting materials were used on - these lines ranging in } size from 10 in = : 
4 


ron 


= 


a 


i; 28 to  F 55. Average for all eight lines i is 31, 41 relative to sea water at 64 pef. a 
Eight gas pipelines and two crude oil pipelines in Louisiana marsh are “¥: ; 


tabulated, All these lines, including the crude lines, are > weighted. Bulk spe- 


A 09 to 2.26 with an average of 1.33. ‘Specific gravity in these instances i - % 
‘based on salt water at 64pcf. In addition, ten gas pipelines across lakes, bays, ; 
and other fresh water areas are reported. Specific gravity of these lines 
ranges from 1.11 to 1.42 with an average of 1.27, all relative to fresh water fe 7 


Widest of weighting practice encountered is relative to river 


"Specific gravity of gas lines ranged from 1. 06 to 2.0 with an average of 1. 30 - 
all relative to fresh water. Specific gravity of crude oil and products lines — 
ranged from 1.00 to 1.91 empty and 1.58 to 2. " when filled. Averages were © 
As be "seen by the tabulation, there is a wide variation in pipeline 
weighting or anchoring across rivers and water bottoms. For instance, 
‘Mine cover in river crossings varied from 20 ft to nothing on the same river, 
is, the Mississippi. Eight crossings of the Mississippi I River were 
ported. Three of these were laid on the bottom without cover. Furthermore, > 
even though there are wide variations in procedures for anchoring pipelines 
a crossing ‘streams, there have e been n no failures in the examples reported. 
Procedures for laying pipelines have been somewhat arbitrary, but they 
of have been successful. Based on this survey, it appears that the greatest pro- 
gress or gain from a study of — pipelines in waterflooded areas can a be 


made in the realm of economics. 


friction the “soil are forces acting to hol th the pipe in place. 
Gravity acting on the metal of the pipe, the contents of the pipe, the over-— 
i 3 burden over buried lines, and any weight additives placed on the pipe provides 
_a downward pull. Contents of the ' line in liquid service make a a significant con= 


tribution to holding the line in place. 


ye A principal disturbing force that acts on pipelines in inundated areas is 
the buoyancy of water. According to Archimedes principle, “a body immersed 
- in a fluid is buoyed up by a force equal to the weight of the displaced fluid. aa 
- For large diameter gas lines, buoyancy is a large force acting constantly « on 
~ the pipe. This force must be resisted. When subjected to fluid overburden, ~ 

materials: such as high-density ‘suspensions, bed loads of streams and non-— 


pipeline anchorage design in many instances. ~~ 


were reported. It should be ‘pointed out that these are sample cases 
ibd 
| 
| | 
| 
THE PIPELINE 7 a 
7 a Except for mechanically anchored pipelines, the stabilizing force scsi 
& 
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river ‘floods and offshore storms, In many instances these aches 
we are the principal causes for weighting pipelines. This is the chief rea-_ 
the arbitrary weighting criteria used in the pipeline industry. 


Ay Because of the inaccessible | condition of submerged pipelines and the 
‘difficulties in handling them _ the addition of weighting materials is the most | 


industry, the amount of weighting applied is expressed in terms of specific 

gravity of the pipe, contents, and added weighting materials, = ~~ 
_ When pipelines are buried in offshore and river installations, the weight 
ame. in many instances, to keep the pipe in place so that it will be 
covered. Cover usually is obtained by natural sedimentation. _Trenching is 
 sepiines to protect the pipe from scouring, from dragging of anchors, and 
_ from any mechanical damage to which the pipe might be subjected. For - buried 

lines, weight must be applied very heavily to keep the pipe on the bottom and 7 
to resist all forces of movement in the face of scours, current forces, and - 


suspensions. 


CONSIDERATIONS GIVEN" TO DETERMINATION OF EIGHTING 
Current flow in a river wenn suspended pipeline cz causes it to alternately _ | 
_ rise and fall as equilibrium = conditions vary in the current, until the line is — 
a flexed to fatigue and resultant rupture. _ This condition | can be pre- - 
vented if sufficient weight and slack length of line are provided so that, in the 
‘event of bottom scouring, the line can lower itself to the new bottom, pre- © 
_ Venting flow the capable of lifting t the line up into the full force 
a A pipeline james constructed a river crossing on a major river, taking 
- great care to dredge a trench for the line to achieve a final minimum cover 
of 5 ft below the river bed. After installing the pipeline, the trench was left 7 
_ to be backfilled by sedimentation. Later examination showed that the line had 
~ no cover at all, but lay on the bottom of the river 5 ft above its original posi-— 
tion and was completely exposed to all hazards inherent to that location. This 


negative buoyancy of 25 lbper linealft. 


_ occurred despite the fact that concrete coating had been added (3) to ——% 


 % number of pipelines laid in the marshes in Louisiana and Texas, even 
- 4 though ‘weighted to provide various amounts of negative buoyancy, have become 
> - _ exposed to the extent of being clearly visible from the air above the marsh 
lands shortly after installation. - Although the lines had been designed with a 
specific gravity in excess of 1.0, not enough consideration had been given to 
i the buoyancy of disturbed silt and clay with a density considerably in excess 
Actual samples: taken from the bottom of several major rivers s that are 
% heavy silt carriers (3) weighed as much as s 80 pef to 85 pef, corresponding to 
a specific gravity of 1.28 to1.36. Tests indicated that in a number of samples, 
_ the critical density of the liquid was reached as | settlement began and just 
before the heavier portion of the mixture ceased acting as a liquid and began | ; 
acting as a solid. Method of trenching has considerable effect on pipeline © 
weight requirements because dredging action can create the: dense liquids 
_ referred to in these tests. 


= 
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‘some ot pipeline com companies use soil consultants to investigate soils along 
_ the right of way, to determine their characteristics and to propose methods 
- to provide stability. Material from the right of way is subjected to mechanical 
agitation and continuous _hydrometer readings are taken during agitation, 
settling and consolidation. - Hydrometer readings are used to determine the 
maximum densities that can be obtained with the mixture estimate its highest 
probable 
One consultant has devised a method of estimating the critical density of 
: “fluid overburden materials from the liquid-limit test. Procedure for conduct-_ 
ing” the test follows the liquid limit test as outlined in ASTM Specification 
D423. . Result of sample testing is plotted for blows versus water content for 
the: sample. The curve is extended to 0.01 blow and the the water content de- 
_ termined at this point. Water content at 0.01 blow is assumed to be the critical 
soil and liquid mixture react as a fluid with little or no 


“she Fig. 1 shows the graphical procedure for r making this determination (4) 4 
a After determining the water content, at 0. 01 blow, mass specific gravity of 
oo the soil- -water mixture in this condition is computed. Pipeline is then de- 

: "signed to provide this minimum bulk specific gravity in areas of fluid over- 


burden materials as shown by the sample form, Table 3. Thickness of et a 


tinuous weighting to develop | this required | bulk specific gravity is is computed 
in the manner shown in Fig. 2. - 
_ Problems connected with stability of pipelines have only recently begun “Ss 
be. properly considered. However, with the limited work that has been done, _ 
few rules have developed, The ‘following concepts have been 
: brought out in investigations ns by industry wh when planning specific pipeline in- © 


a - 1. Light submerged bodies, specific gravity of 0.5 or less, work their way > 
through fine sand typical of beach sand (1), 
_ 2. Bodies with densities between that of water and sand have little or no- 
“tendency to ascend through fine sand. 
; a 3. If a pipe is buoyant in water, it is very likely to float out of sandor 
s 


4, Ifa pipe is buoyant in a liquefied sediment, agitation of the sediment — 
_ 5. In order for a pipeline to float (a) ‘the sediment has to act like a fluid, = 
: and (b) bulk specific gravity of the pipeline has to be less: than the specific — 


These statements raise the question of what is required to liquefy soil. 


ag mechanical, po conditions. These previous 
_ concepts are based on density characteristics only, Serious pene 


_ must also be given to the shear strength properties of soils such as cohesion s 


and friction. Liquefaction of some materials might never be a ‘problem when — 


"structure by natural phenomena. 


ANCHORING OF OFFSHORE PIPELINES 
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period of service should be evaluated. Records should be obtained relating to 
4 early shore positions and previous contours of the ocean b bottom along the 
: _ A survey or study for any location is required to develop specific oceano-- 
‘graphic factors” at that particular site. When operating conditions permit, 
a study of hydrographic charts, maps, aerial plots, and other records = 
_ with ground studies should determine the selection of the route. If it is possi- i 
ble 1 to do S90, an accreting shore should be selected for the pipeline to traverse . 
the surf. In many cases, little can be done to alter the route of a proposed 
-3. pipeline. But if positioning is possible, the orientation of the line should ce 
- _ based on oceanographic conditions of the area. There are indices that point 
toward a desirable versus an undesirable section of beach h (5). Erosion and 
scour are principal hazards to pipelines traversing surf and beach. Active © 
or less desirable bottoms are indicated by the presence of sand, shell, or 4 
sand and shell. Hard mud bottoms usually indicate little or no surf activity. ; 
—— + _ Proper vertical cover for a a pipeline across the beach and surf is a subject | 4 
_ of conjecture. _ Federal regulations require that offshore pipelines be buried 
‘a out to ‘the fifteen- -foot contour. _ Three feet of cover is specified to prevent 
damage | from anchoring vessels in the shallow water. Extra depth is often © 
_ _ provided near the shore. Asa practical guide to help gage the proper amount 
7 of cover for offshore pipelines, ‘it has | been noted that a vertical erosion of 
‘ = ft during ; a ‘single hurricane occurred off Palm Beach on the east coast wil 
7 In the area beyond the 15-ft contour, some pipelines in the offshore are 
not buried. There are conflicting opinions among operators regarding the 
need for burying deep water pipelines. One company has had an experience 
: ; that makes a strong case for burying offshore pipelines. During hurricane 
~“Flossy” in September, 1956 , this company had severalcostly pipeline moves 
and breaks in unburied lines. Pipeline sections with specific gravities ranging 
os from 1.4 to 1.65 were moved as much as 1,400 ft. Some of the pipeline move- 
F _ ments were in water depths approaching 50 ft. On the other hand, buried lines — 
the same area experienced no movement or damage. 
For offshore lines that are to be buried, enough weight must be supplied 
§ the line to stay in place during backfilling. One method for laying offshore 


lines is to dig the trench: along the pipeline route, place | the pipeline in the 
zi trench, and depend on natural sedimentation to supply backfill to cover the. 
pipe. The pipeline must resist buoyancy of water and soft fluid overburden - 
_ materials to stay in its position and be covered. In addition to buoyancy for 
the | pipe to remain covered, other unpredictable water forces must oat resisted 
~ such as currents, scours, and water movements caused by waves. | © 
a So far, the only practical method of anchoring that has been developed f for 
- offshore pipelines is deadweighting. Weight is supplied to hold the pipe in 
~-_ on the bottom of the trench. Optimum weighting criteria are needed for 
offshore pipelines so that safe anchoring can be obtained at aad lowest wenn 
A of deadweighting that has been used in 
shore lines buried is to develop a volume density in the pipeline equivalent | 
= to the density of the ocean bottom ‘material into which the pipeline is to be 


laid. Because of disturbance and dilution during the trenching and 
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PIPE LINE INSTALLATION 
: oo Because most of the examples studied in this investigation are located off 
the coast of Louisiana, pipe weighting practice will be described for the Gulf» 


ot Mexico. Ocean bottom sediments nearest the mudline in the Grand Isle 
Area of the Gulf of Mexico have an in-place density of approximately 90 pcf. 


89.6 pcf From experience in pipe laying in the Grand Isle Area, it has been 

found that pipelines laid with a specific gravity of 1.4, that is very nearly i 
density of the in-place sediments, have sufficient density to stay in face 

during a normal backfilling period. In adjoining areas with soils of greater | 
densities, a slight increase in shear strength is noted. A specific gravity of 
1.4 has been used satisfactorily for laying pipelines in these areas of better 7 

soil conditions. So long as the soil has some cohesion or shear strength and 

is not completely disturbed, it is doubtful that buoyancy equivalent to that of 

a fluid with an in-place density of the material ever takes place. Sieh : 


7 Ee salt water, a bulk specific gravity of 1. 4 provides a density of of 


- conditions: in the area a of the pipeline. To prevent movement and to provide 


RIVER | CROSSING ye 


River crossing constitutes one of the most important phases of tein 


pipeline construction. Useful life of the pipeline may be largely ane 
by the durability of its important river crossings and its resistance to cor- 
-rosion. Although actual pipe length involved in river crossings is minute — 
7 relative to total length of the pipeline, river crossings should receive the oF 
 “Jjon’s share” of planning and id engineering because river hazards are re poten-— 
_ River cranes ‘problems become so complicated and expensive e that one 
gas company actually bought © an existing highway toll bridge across a 
_ Mississippi at Greenville, , Mississippi for pipeline crossings. A number of 
its lines already existed on the bridge other. crossings were added. 
Security of the pipeline rests mainly in the river crossings because a break » 
« here is the most difficult to repair. A failure of a large river crossing might — 
not be repaired, because it might be cheaper and easier to lay a new in 
across the river. The history of river crossing failures attests to the seri- 
In preparation | for an important river crossing, an extensive review | of 
river history and hydrographical data should be made. Aerial photographs, : 
maps, property ownership maps, and caving bank survey draw- 
ings are useful in making a study of this type. If any latitude is permitted by ] 
operations, a site should be ‘selected at which banks and bottom of the river 
are stable. If bank recession is occurring, provision should be made for I 
_ extra cover during the proposed life of the pipeline. Past records of bank re- * 


river. _ Stream data ‘regarding speed of current and depth of scour in the river 
_ bed is invaluable in designing a safe and economical crossing. = = 
_ Submerged crossings on weight for ‘stability. For 


buried lines, 
_ to be covered. Unburied lines depend wholly c on ngravity to resist the combined 
resultant of current and bed load buoyancy forces. Unburied lines must be — 
— very heavily to resist | movement. 
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- — for selection of proper weighting for a river crossing are difficult 
a to set down. Sometimes it is useful to know the procedure and experience of aN 


other operators across the same river. If there is no history of previous | 
crossings, then an extrapolation can be crossing 


similar to the one in question. 
River crossings have been satisfactorily made for gas lines with 


eer 


a gravities ranging from 1.06 to 2.00. Amount of cover over buried pipe in the 


that different crossing schemes are possible. 

_ Scour is a ‘major problem to. be considered when installing a pipeline 
across an alluvial stream. Scour can mean failure to a pipeline river cross- 
ing. Scour is the cutting or “eating” away of the bed or banks of a river — 
- flow in the stream. Extent and depth of scour are functions of bottom velocity _ 
_ and volume of flow. Highest velocity and deepest scouring occurs at the thal- 
weg of the stream, Greatest hydrodynamic forces in the stream also occur 
here. Scour: is dangerous to the pipeline because it removes overburden or. 


, cover from the pipe and can undermine it, exposing the pipe to other forces 
eee curves” across the river. Theory behind this practice is that 
if erosion occurs the pipe and its coating will pull the line down, utilizing the 
Slack provided to conform to the new bottom —— 


- 
“a Many engineers advocate entrenchment below the scour line as y 
“safe way to cross rivers. This may well be true providing the trenching c a 
be accomplished and the scour line can be accurately predicted throughout 
the useful life of a pipeline. Chief disadvantage of trenching across major _ 
rivers is an economic one. Trenching across wide and deep rivers is difficult 
and tremendously expensive. It has been found in some instances that several 
smaller lines can be completely installed on bottom and put into service for 


of dredging alone for a single large pipeline. Several small 


4 For b buried river crossings, as in offshore pipelines, the density of the 
: a ipeline and its weighting should be at least equivalent to the density of fui 
< backfill material to which it is exposed. If the density of the bed load is to be 
computed, a sample of the material should be taken 1 from the thalweg during 


“> 


periods» of maximum flow. If it is not practical to do this, then samples of 


In either case, 2 a margin ‘of safety shouldbe p provided to cover ‘possible | errors” 
of unforeseen changes and nonrepresentative sampling. Weighting for unburied 


PERMANENTLY FLOODED IN LAND AI REA‘ 
iA Permanently flooded areas in terms of pipeline construction us usually means 
lakes, bays, reservoirs, and flotation ditches in marsh crossings. Anchoring — 
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‘esting to note that the 2.0U specific gravity 1s also associated with a MisSiSSip- 
River pipeline crossing laid without trenching. River weighting is dependent 
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7 ae Current and scour in these cases is minimized. ~anianues no effort is 
7 mate to backfill the pipeline. Because water movement forces are of small 
- consequence, and pipe is usually not backfilled, principal force to be resisted 7 
is buoyancy of water. Depending on local conditions, a small margin of safety 
in addition to specific gravity of water is all that is needed in these installa- 
tions. As shown by part (b) « of the pipeline survey, a specific gravity ranging 
from 1.11 to 1.25 is common for pipelines laid in these areas of quiet water 
4 activity. If the pipeline is to be buried, then steps as previously outlined should 
; i be taken to assure that burial can be satisfactorily accomplished; bulk spe- . 
cific gravity of the pipeline shouldbe at least equivalent to the e specific gravity 
of fluid backfill material to which it t might be subjected. — 


SEASONALLY FLOODED )AREAS 
2 In land areas immediate to the Gulf of Mexico, a region of concentrated — 
pipeline activity, large quantities of pipeline weighting and anchorage are 
rs across seasonally flooded areas. Low coastal plains grade into the beach _—. | 


crossings through these occasionally inundated areas often require weighting 
7 or anchorage. In | these areas engineers have an excellent opportunity to ex- 
hibit their skills because it is in these areas that the greatest savings | 


“— Through seasonally flooded areas, anchorage will depend on condition of i 
_ the soil and on moisture conditions during the period of construction. In these — 
areas, in which anchorage is required, many different methods can be used. ; 
- Limitations using only weight for anchorage as in offshore lines and proce 


sy With favorable soil and moisture conditions, and using proper precautions, — 
large diameter gas lines may be laid without any anchorage other than natural 
_ backfill material. Fig. 3 illustrates the anchorage provided by natural backfill 
in seasonally flooded areas. If the pipe can be laid in a dry season and good 
compaction can be obtained in the backfill, no additional anchorage may | 
Lie If a gas pipeline _ be constructed through these areas during flood | 
4 ‘season, weight is required to hold the pipe in the ditch until the backfill be- 
comes consolidated. Pipelines in fluid service might avoid this stringent re- _ 
_ quirement by filling the pipe with water during construction and keeping = 
line filled with oil or products during service. Anchorage is sometimes re- ‘ 
4 quired if the backfill becomes so disturbed during construction operations as 


4 down cohesion and grain structure of soils with low shear strength in many - 
cases. Breakdown comes as a result 0 of digging and removing material i inthe — 
trenching | process, contact with free water in low- lying areas, and handling 
and placing involved in backfilling the material. In special cases for which 
backfill - is in such a vulnerable condition, agitation of the backfill by river 


= currents, flood waters, and waves in shallow water over submerged gas pipe- y 
lines can ‘provide the impetus that results in a floating tae — 


m= . in these installations almost always takes the form of continuously applied : : 
_ _ weight coatings. Continuous weight coating is a practical form of anchoring 7 
| 
| 


‘Pipelines must be anchored to meet these fluid backfill ties tent 


of anchorage will depend on the properties of the soil in the backfilled state 
_ Representative samples of the material should be collected and tests run in 7 
a thoroughly remolded condition, Shear strength, moisture content, and — 
- density of the remolded or thoroughly disturbed material can be used as an 
index of the soil as backfill. If the soil does not retain its soil properties of 
Bc and cohesion in the remolded condition and grain structure completely 


Methods ‘previously such as .s demonstrated on n Fig. 1, ean be used to 
determine this critical condition. Density of the material in this fluid state 
criterion that" be allowed for in design: of anchorage. 
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SEASONALLY FLOODED AREA 

_ must not be overlooked. Effect of flooding in the newly placed backfill must 
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- be « evaluated and eee made for effects of scour down the pipeline right 
Depending on conditions, many different anchoring systems 

can ‘be used across seasonally flooded areas. If the e area is flooded or an in- 
: 7 accessible area must be traversed, a gravity anchoring system is most 
' _ practical. In these cases, a continuous weighting of some type is preferred. < 
= If the area is dry during construction, other alternates are possible. When a 
7 : backfill is favorable and it retains soil properties in the disturbed state, then - 
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Weight Of Soil Over Pipe = 25% 4(100-624) 

Ignoring Friction And Cohesion On Sides Of Overburden Mass, Factor Of 
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PIPELINE INSTALLATION 

is the force that must e resisted. . Backfill alone may be 

ficient anchorage, with the depth increased, to provide more than usual cover — 

over thepipe, = 

If fluid backfill _is the buoyant force that must be resisted in addition to — 

—* then mechanical anchors might be used to hold down the pipe. This is _ 

a relatively new development in laying large diameter gas lines. One a 
ical anchor for pipeline installation is a helical screw installed at a depth | - 


_ depend on soil conditions and should be determined in the field. When condi- 
£ are favorable, anchors” can be installed more economically th; than — 
systems. = 


_ The two basic methods of continuous are re (1) using thicker- walled, 
ae or (2) ) adding some type of weight to the line’s exterior. . The 


first is extremely expensive, for the cost of line pipe rises rapidly as the _ 
thickness is increased. Furthermore, in the manufacture of pipe, this extra 
thickness: is added to the interior a and may mean an appreciable reduction in 
capacity of the line due to a smaller inside diameter. 
_ Disregarding heavier- walled pipe, a type of weight must be selected to 
“overcome buoyancy. For many years the industry relied solely on cast iron 
concrete river weights. In addition to the high cost of these 
clamps, installation was difficult. With a continuous weight coating, several 
miles of pipeline can be pushed from one location into inaccessible areas. 
Continuous weight coating is applied by mechanical means to the entire 
length of pipe with the exception of cut backs at the end of each joint. These 
_ cut backs range from a maximum of 18 in. to a minimum of 9 in., depending 
_ on specification and type of protective coating. The general classifications of © 
continuous weight coatings are concrete and asphalt mastic, 
__ Continuous concrete weighting is over acorrosion prevention coat-_ 
ing usually composed of the following: coal tar or asphalt enamel combined 
with glass or felt wrappers, ‘or a combination of them; or asphalt mastic type _ 
- coating. _ Although usually applied to add weight to the pipeline, concrete has q 
- another distinct advantage in that it provides additional mechanical protection 


“particularly against barnacles ‘and construction damage. However, barnacles 
exist only near the mud line in salt water and experience indicates s they exist — 
on unburied lines and do not bother buried pipelines, 
Concrete | is available in three standard weights, 140 pef, 165 pef, and 190 
_pef. Concrete weighing 140 pcf is composed of cement and sand. The sandis _ 
usually minus” in. or 1/4- in. mesh, This is usually the most economical 
all pipe sizes for which specific gravity requirements can be met. 
4 crete weighing 165 pef is composed of cement, sand, and a heavy aggregate. _ 
The heavy aggregate and sand are mixed at a volumetric ratio of 1- to-1. 
‘There are several materials heavy aggregates, such as barite, 
hematite, illmenite, and magnetite. The selection of the aggregate depends 
ad the quality and cost; illmenite and magnetite are the most commonly used 
- at present. Concrete weighing 190 pcf is composed of cement and a heavy 
- aggregate. ‘These heavier | mixes of 165 pcf and 190 pef are used on large 
- diameter pipe, on which one wrap of wire reinforcing can be saved or on which 
= would be impractical because of thickness and weight ad use a lighter ma-— 
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_ rare. A minimum thickness of 1 in. is usually applied for reasons of practical 
_ application and the necessity of adequately covering the wire mesh reinforcing. 5 i” 
4 _ Concrete coatings are applied by a variety of procedures: impingement, | 

a aon. and casting. The impingement method is most common. This may 


and varies with the process used in application, thicknesses over 5 in. — 


be accomplished by a pair of rotating belts or brushes and by air. The air 
method is commonly known as guniting and is usually restricted to small 
_ river crossings and bends. Application units are fed by either a continuous 
mix or a batch mix depending on the applicator’s equipment. In some ee 
concrete is by forming: and pouring. This method is usually — 


quantity of weighting 
Formed concrete develops a considerably lower strength than concrete 
ard applied by the impingement method but this canbe offset by the use of electric” 
welded reinforcement instead of woven wire mesh. 
_ Woven wire mesh to reinforce the weight coating is } applied during ex- 
trusion and impingement application. Proper control of | operation permits 
placing reinforcing in the thickness of concrete. The two wire 
mesh specifications in common use are 1-in.-by-1-in. mesh of 18-gage gal- ‘ a 
vanized wire, and 1- 1/2-in.-by-1-1/2- in. mesh of 17-gage galvanized wire, x : 
Width of mesh used varies between 3-3/4 in. and 6 in. The 1-1/2-in. mesh, — 
_17-gage wire is least expensive : and has a bonding area of 41. 3 sq in. per sq 7 
ft of mesh compared to 58.2 sq in. per sq ft for 1- -in., 18-gage mesh. — 
About 2-3/4 in. is the maximum thickness of concrete that can be adequately 


7 aaa with one layer of mesh wire. A second layer of wire is — 


- Curing is usually done by a curing compound sprayed on immediately an 

the concrete is applied. Water is seldom used. Joints are aad cured for 

a day before stacking andfor 4 days before shipping, = 


starting between 1-3/4 in. and 2-3/4-in, thickness. 


e119 


a The usual practice is to weight coat the welded joints for -_ water lines a 
and to omit it on inland pipelines. Coating the joints is expensive. The weight _ 
omitted on joints is frequently added uniformly over the concreted length be- 7 

tween cut back ends. If field joints are to be concreted, the mesh reinforcing 

_ is allowed to project approximately 2 in. from the concrete cut back. ‘This 

splicing of reinforcing for the concrete field joint. 
Asphalt mastic coatings can be used for continuous weighting material 7 
: under certain conditions, thus serving the dual purpose of corrosion protection 
and weighting. Asphalt mastics may have enough weight for pipe sizes through 
- 12-3/4-in. OD. Conditions vary depending on weight of steel pipe used and the 
specific gravity required. Minimum weight of asphalt mastic is approximately 


- 128 pef. However, it is possible to add neh aggregate that permits satisfying 
— 


Asphalt mastic coatings are generally more flexible and smoother than 
concrete and, may have some aGvamtages in laying practice. 


= is needed beyond that furnished by natural overburden, additional anchorage 


erial The maximum thickness fo which concrete Can be anplied ndefin 
7 
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Toa a limited « extent, been used for 25 yr to p: yr prevent it uplift 
pipelines. Slow hand installation of anchors limited this application _ y 
until 1957 when equipment and procedures for rapid installation using air 
ES tools were perfected. ‘Because of the economy of mechanicai anchors, 
an increasing number of these anchors: have been used for anchoring pipelines 


: a typical mechanical anchor set is shown in Fig. 4. Two anchors and pipe 
_ hold-down straps are shown in position for driving. Rock shield or pipeline 
felt between the pipe and strap prevents damage to protective coating on the 


the soil without excavation. Other types of mechanical anchors a are also avail- 
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is determined by the of the soil. Deflection 


regarding size of helix and length of rod and spacing should be worked out on 
the basis of field crane in the immediate area of interest and anchorage > 


pipe can be filled with water to submerge it for installation of th of the | anchors. 


N 


"> aon by 3 a “survey of practices, ‘pipeline ; 
been largely guided by rule of thumb methods. In many cases in which 
_ arbitrary methods were used, there are many instances of questionable design, 
From the survey, except. for submerged river crossings and offshore a 


lines, ‘many of the pipeline installations appear tohave been overly conserva- 
tive, There _has been wide variation in pipeline anchoring through similar © 


5 pipeline anchorage and important economic gains might be effected through a 
more technical consideration of pipeline anchorage. 


to float out of ditch that has been mechanically back- 


’ 


A: tentative been to these principles 
. ‘to field pipe laying practice. To determine the density of backfill material in 
. ‘its critical or fluid condition, hydrometer analysis and liquid limit test point - 
way toward technical approach to pipe flotation problems. 

on _ Across flooded and inaccessible areas, pipeline anchorage is usually re- 
a  gtvleted to application of some form of weighting material. In intermittently 

wet and dry areas, various anchoring procedures suchas mechanical anchors 
: or additional cover. Stop pipeline can be used to tremendous economic ad- 


a eume and increased cover over the pipeline will we better utilize = 
_anchorage properties of natural materials, 


ym this r of flotation it appears that the Pipe- 
- —_ Flotation Committee should initiate research toward developing better _ 
methods for determining critical density of backfill material. The liquid — 

“4 limit procedure described in the body of the report should be further validated — 
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j , 2. The bulk specific gravity of the pipeline must be less than the bulk — : 


PIPELINE INSTALLATION 
through additional testing. Techniques of testing might be 


Py 


proved so as to be more pertinent. Methods not now being used might be de- 
veloped. Research on critical density 1 would have broad japplication to pipeline ne 
In the study of pipeline flotation thus far, emphasis has been on the density 
aspects of the problem, Greater consideration — should be given to shear 
strength properties of soils. For pipeline work, the shear strength of soils — 
in the remolded condition is critical. Pipeline anchoring systems should be © 
Pp closely tailored to actual field conditions. This can be brought about | a 
by thorough topographic and soil surveys through areas at which pipeline flo- 


tation might bea problem, 
Together with a study of remolded shear strength of soils, a method is 
needed to determine more accurately the time requiredfor low shear strength 
backfill to reconsolidate. Low strength material is thoroughly disturbed during _ 
the construction of a pipeline. During and immediately after construction is | 


a period of greatest vulnerability to flotation. More knowledge of the time an 


of reconsolidation would poner a better evaluation of risk factors of — e 


Specifically, the Task Committee makes the following recommendations og 
- A. To . place” the design of pipeline anchorage on a more technical basis 


the committee should instigate a research program to perform the following », 


Develop a field and laboratory testing procedure determine 
whether backfill materials canbecome fluid. = | 
_ 2. Determine what mechanical agitation or natural eee are re- a 
autre to make low strength materials become fluid. eam 
3. Perform additional testing on many different types of _—e to. sateen: 
@. oe liquid limit method of determining the the critical density « ” low 
‘aa strength materials which can become fluids. 
4, other procedures for finding critical density. 
Develop a scale for measuring the relative time required for autterent 
oe disturbed backfill soils to reconsolidate and and regain shear stre' strength 


wad 6. Explore the function of shear strength poopaetinn: of een such as 


"Investigate method for determining pullout of 


Pali B. To provide the greatest security and to provide maximum protection | 
against interruption of service during storms and floods, offshore pipelines 
ae C. To install unburied submerged lines th the anchorage or pipeline weighting ,, _ 
"criteria should be based on a hydrodynamic study of the proposed location 
and water forces to which the pipeline may be exposed, _ 


Satisfactory answers to the questions outlined in the proposed research | 


program are needed to complement existing knowledge in order to place the 
_ design of submerged pipelines | on a truly technical basis. This technical ap- ia 
proach to the design of inundated pipelines should result in the most econom- 

ical solution consistent with safe operation. ors 


a 
3 i 
| 
| 
| 
| 
is 
— 


This” report is respectfully submitted by the T: Coumaines « on n Floatation 

"Studies, Committee the Pipeline Division, 
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_ Discussion by Richard E. _ Burnett, William W. Moore, ‘Vernon 


Smoots, and David C. Liu 


has been described by the authors. Shee are many aspects to the investiga- 
tion that will require (and are receiving) the attention of civil engineers and — 

_ other professional people. The broad problem is being attacked by the Inter- ae 
Agency Committee with individual problems being attacked by the agencies on 

7 primarily affected. The ‘concerted efforts of these various groups, each study- 

_ ing the problem from different points of view, will reach suitable explanation © 

of the causes, the ultimate amounts, and the rates of subsidence. Then econ 


‘The immediate problem of the Department of Water Resources, as stated — 
in the paper, is the design and construction of an aqueduct across areas of - 

known: or suspected “shallow” subsidence. Apparently the “deep” subsidence - 

_ ‘problem referred to is not considered of major significance because of its " 
more uniform nature of occurrence; and the relatively minor amount of move- 

- ment attributable to this cause that has been experienced along the westerly 
No mention is made in the paper about the feasibility of locating the 

NO pap y g 
= ata higher elevation in the 1 more consolidated materials of the foot- 


"graphy, the “foothills area is not attractive as a location for a canal. The 
*4 volume of water that must be conveyed and the cost of pumping make closed _ 


conduits uneconomical for the | purpose. ‘It is assumed, therefore, these 
other considerations have dictated the location to be in the area 


_ which subsidence of the land has and/ or will occur. 


"problem areas are stated to have been eal well delineated. ‘The « cause 
of “shallow” subsidence has been determined. The means of predicting ulti- 
~ mate amounts and rates of subsidence are at hand or will be as the current — 
"experiments are completed. There then remains the problem of determining 
the most economical method of hastening the consolidation of the foundations ‘ 
for structures to the point at which structures can be built to perform safely _ 
and satisfactorily. The time available to complete the necessary consolidation _ 
a before the completed structures are required for service undoubtedly is i 
limited. Apparently much of the subsidence area through which the aqueduct ~t 


3 will be located has never been irrigated but is susceptible of being irrigated 


May 1959, by M. J. Shelton and L, James (Proc, paper 2073), 
1 Asst, Project Mgr., Niagara Power Project, Uhl, Hall, & Rich Engrs. | Magara 
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February, 1961 


when water becomes available. The lands along the margin ” the ssiiieeea 
irrigated areas are - and have been settling. Therefore, the problem exists of “dl 


"consolidating the lands in areas outside the canal proper as well. It thus - 
would — appear that all aspects of hastening areal subsidence in the vicinity 
|g the canal should be considered along with those of associated with — 

ey The generally impervious nature of the . soils or str or strata of soils prevents 
_ rapid introduction of water from the surface to the zones in which consolidation — 


. will occur. The time lag at which settlement at increasing depth occurs “i 


the rates of infiltration experienced inthe test plots confirm this. The authors | 

_ state subsidence at depths of 300 ft may not occur for a century. Thus, it 

_ appears that complete consolidation of the materials involved cannot be attained — > 
_in a reasonable time. The depths to groundwater in the “shallow” subsidence 
areas are not stated. From descriptions contained in the Inter- Agency Com- 

_ mittee “Progress Report- Land Subsidence Investigations- San Joaquin Valley, 

7 _ California- Through 1957” (pp 64,65), holes drilled in test plots evidently did 
a not encounter groundwater in the depths drilled. It would be of interest to know 
_ the depths to groundwater in the “shallow” subsidence areas. A measure of the 
_ volume of water ‘required to accomplish full consolidation thus would be 


iy Any successful method of consolidating the materials will require com- 
plete saturation of the soil. Saturation | of the entire soil column at one time 
may not be necessary, but undoubtedly reaching the major amount of sub-_ 
-sidence will thereby be hastened. Of the several methods for hastening sub- 
Bence that the authors” state will: be investigated during the next phase; 
_ the writer’s opinion is ‘that flooding, either by ponding or by intermittent 
application of water by irrigation will prove the most practicable. Several 
of the methods suggested will obviously not work or are not practicable in 
the soils involved. Injecting water at depth should hasten subsidence, but any 
method for doing so will be extremely | expensive so that its application © 
_ doubtlessly will be limited to foundations for relatively small major structures. 
ers ae methods adopted for hastening subsidence may materially affect the 
overall project schedule for construction. Considerable preparatory work © 
& be required before the permanent canal can be constructed, and d this un- 


-doubtedly ° will be time consuming. Therefore, an early decision on the method 
‘The profession will profit ‘ee ‘the studies now in progress. Periodic | 
reports through the Proceedings of the Society to supplement this ‘informative — 


a Before final solution of this far reaching problem, this writer | forecasts” 7 


MOORE, If, ASCE , VERNON A. SMOOTS, 2 M. ASCE, and 
C. Liv3.- —The authors have called attention to a problem of soil 


havior that may be overlooked and can become very serious if it is not properly 
anticipated. | The use of an engineer-geologist team is a most advantageous 


way to detect: the possibility of this type of problem. In fact, this sort of 


1$r, Cons, Partner, Dames & Moore, San Francisco, Calif, 
2 Cons, Partner, Dames & Moore, Los Angeles, Calif. 
Improvement Engr., Dames & Moore, Los Angeles, calif, & 
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- coordinated activity should probably be used in many more areas of engineer- 


of Piet teed It should be pointed out that the so-called shallow subsidence can | 
also have serious effects on reservoirs, buildings, industrial plants, and many 
other types of engineering construction and development, In the discussion of 
| specific condtions in the subsequent paragraphs, data will be presented to 

_ indicate cases in which reservoirs and light office buildings | were severely — 


~ 


MOISTURE CONTENT IN % DRY WEIGHT © 


NOTE: z ‘ne natural iii contains a high percentage of rock fragments. 
‘The data presented have been corrected to snow the moisture and 
fi density of tne matrix, i.e., material passing No. 4 sieve. The 
aaaall moisture shown may be considerably higher than tnat existing ~ 
‘before the filling or refilling of the reservoir, since these east 
on determinations were made subsequent to the refilling. 


Jd FIG, 1. 


Types of Soils Susceptible to Subsidence. —The areal subsidence described 
by the authors is believed to be notalways related to mud flow of low density. _ 
It is the writers’ experience that this type of behavior can occur in uncom- _ 
-pacted alluvial fan sediments ofa wide range of densities. 
Case 1.—In one case, a reservoir was constructed on a soil having matrix 
‘dry densities from about 9 98 Ibi to 126 pcf. This reservoir, located in the vicinity 
« of Hawthorne, Nevada, » was filled with water to a depth of 23 ft, and it was , 
immediately emptied when cracks developed in the compacted fill embank- _— 
ment. After the initial filling and emptying, another attempt was made to use 


} _ the reservoir. ‘Settlement ‘data were obtained before and after the second a. 7 
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From areas where surface q 


"water infiltration vas not) 
significant prior to moist ure 
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DISCUSSION 
and cobbles up to several inches in size. The gross density of the material in 
several samples was in excess of 150 pcf, and the dry density and moisture 
_ sidering the percentage of rock fragments. The moisture and density data 
 & the second filling are presented in Fig. 1. It is likely that the moisture 7 


_ The natural —y at the site consists of alluvial deposits with | gravels 
comtemt of the ‘matrix (material passing No. 4 sieve) were determined by con- — 
be efore initial was considerably lower. It is to note that, 
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DRY DENSITY IN LBS/CU.FT. 


4 


TURE PROFILE 


bei The moisture shown was determined after 
subsidence took place; the original 
moisture may be considerably lower. 


FIG, 4,—MOISTURE DATA, BEFORE & FIG. 5. —MOISTURE & DENSITY | DATA, 


AFTER CONSTRUCTION OF-— AIRFIELD, SOUTHERN SAN 
BUILDING SITE, WEST- JOAQUIN VALLEY, CA 


the 


a because of the rather high densities existing» in the natural deposits, 
owner of this project did not feel it necessary to investigate the foundation — 
‘conditions even after the subsidence had almost created a failure condition, 
Mad In fact, it is understood that severe difficulties were encountered in other 

a reservoirs in the same vicinity; yet, the owner’s representatives refused to 
accept: the possibility that water infiltration was the principal cause of the 
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n- 
fits 2 in the western part of San ‘Joaquin Valley of California, in an area 
. el which the soil density was generally quite low. In view of the subsidence 
experienced with other ‘structures in the surrounding area, the building was 
_ supported on drilled piles, even though the column loads ranged from 9 kips © 
to only 44 kips. The moisture and density data on the supporting soild — 
presented in Fig. 2. With only moderate moisture infiltration caused by water- 
ing of lawns, the building started to settle as illustrated in Fig. 3. An investi- : 
in indicated that the ‘Content had about 


ee 


‘be 


CONSOLIDATION AT 


FIG. 6, —CONSOLIDATION DATA, OFFICE BUILDING 


over 20% in the area of maximum structural settlement, as shown on ‘Fig. 4, 
In an attempt to determine the depth of the influence of the surface moistening- 
arid soils, vertical pipes were installed at various depths in the ground 
that the settlements at three levels could be measured. The data obtained are a 
also illustrated on Fig. 3. It is obvious from the settlement data on these _ 
pipes that the influence of surface water infiltration was greatest in the upper. 
soils, but it extended to at least 45 ft below the ground surface. This. observa- 
tion epee the data presented on Fig. 8 and 9 of the authors’ paper. 7 
Case 3.—In a third case, a number of structures at an airfield in the 7 
southern part of the San Joaquin Valley settled badly as a result of surface | 
water infiltration, Among the structures affected are a sewage treatment . 
clarifier, a hangar, and 1 an office building, and the maximum settlement was 


a about 12 in, a the time of investigation, The soils at this site represent 
-flashflood deposits, and the —_——- and density data are presented on ‘Fig. 5. 


va It is noted that in all the cases observed by the writers, the moisture seems — 
very low or, more correctly, the degree of : ‘saturation is below at 
@ least 50%. It has been our experience, however, that solids that are a: 

. to severe subsidence due to water infiltration may be identified by laboratory @ 
tests, ‘particularly consolidation tests which water is introduced under a 
load approximating the natural overburden. In general, soils showing large — q 

4 consolidations in such a consolidation test would undergo considerable sub- a 
sidence as ‘a result of subsequent saturation in the field. A typical graph 
showing the 1 results of such consolidation tests is presented as Fig.6. —_ 

Preventive Measures..- limit the damage due to subsidence, presettling 

by the saturation of an area, , in which practical, seems to be the best method — oe 

available at this time, especially for water-carrying structures. Although > 7 

“a actual experience records are quite few, we believe the use of either driven 
or drilled pile clusters extending to a fairly uniform depth may help to re-— 
strict the differential settlement that may be imposed on a structure. Such © 
piling cannot prevent a general subsidence of the area, but it will decrease 
the differential settlement a structure may experience. It is necessary to 

.% an economic balance between the cost of long piles and an acceptable - 
settlement behavior. Where the water infiltration is expected to be nonuniform, 

a slight increase in penetration of the piles in areas of greater infiltration 
may be attempted | toobtain more uniform settlements, although such practice 


a not — to precise evaluation. Data available to the writers seem to 


present, ‘However, the the effects seems to decrease at greater 
depths, because the differential settlement they cause becomes less pro- © 


moderately susceptible to subsidence due to surface moisture infiltration. 
This consists of grading and paving the area surrounding a structure to drain 
water away from the structure. It is the writers’ experience that this pro- 
ea cedure will be effective only for soils showing moderate sensitivity to moisture 


tests for moisture and density as described by the authors have also been — 


used by the writers’ firm in several cases. In general, ‘this method has been . 2 


"ground surface. ‘The writers’ experience would indicate that the accuracy of 
the radioactive method was generally within 2% or 3% and almost always 
: - within 5%. The equipment available to date has not been as efficient as seems _ 
_ desirable, and probably a substantial amount of development may be necessary 
make readily | and on the run 


erage are not involved in the project. — 
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Summary.—In conclusion, the writers’ discussions may be summarized as q 
: a _ 1. The subsidence due to water infiltration can occur in various types of _ a 
g arid sediments and not only in mud flows. This behavior can affect various _ 

when substantial quantities of water 


= ‘possible high magnitude of subsidence; on the other hand, a a high gross density a 
_ May not indicate that the soils are » stable. Adverse behavior can occur in: very “ 
- sandy and gravelly soils as well as in fine-grained soils. It is believed that a ; 
laboratory on consolidation due to saturation under appropriate test 
pressures are the » most positive identification of soils exhibiting this behavior. 
‘There is: no complete cure for this adverse behavior. If practical, 
‘e; presettling by ‘saturation may be used. For structures in limited areas, the Coe 
ow of piling of substantial length and possibly uniform length throughout the ~ — 
as may be helpful to restrict, but not to eliminate, differential settle- 
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if general, low degree of saturation indicates the possibility of sub- 

to reduce the possibility of excessive eye 
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REGULATION OF PIPELINE DESIGN A AND 


by H, Crowe, Steve Sawyer 


and John — 


Standards B. 31. 8 asa a state with minor 
a7 - exceptions is gratifying. The number of states that have adopted the code with 
‘modification points oo the | need for continued education of the st state bodies. 
7 The emphasis that “many of the states p put on casing requirements shows 
the need for the American Society of Civil Engineers (ASCE) Task Committee 
on Highway and Railroad Casings. There seems tobe an opinion tha‘ casing of 
pipe lines materially adds to the safety of the pipe line that in the opinion i a - 
ate many engineers is not necessarily true. Casings were originally installed 
by pipeline companies as a matter of convenience rather than as a aod 
of increasing safety. The ASCE task committee may be able to 0 clarify this 
; va It is ‘noted that the New Jersey requirements2 are not up to date, because — 
y Administrative Order 14.295 has been adopted that now follows the latest - 
ASA code with certain modifications. ‘It is believed that this is also true in 


aa, 


_ the case of New York State. 
STEVE SAWYER!,—The abstract is a resume of various 


ion covering design, construction, and operation of pipe lines in the provinces — : 
of British Columbia, Alberta, Saskatchewan, and Manitoba, in Canada. — 
‘These provincial acts have been in existence for a relatively short period 
of time and, perhaps, should be reviewed regularly so as to enable a anyone to 
be maintain the abstract up to date. It would appear that the various regulations © 
may be expanded to incorporate and reflect saearenanens eT to the various | 
year (1960) the Province of Ontario, through the Ontario Fuel 
‘Board, has enacted a Gas Transmission and Distribution Pipe Line Code. 
This code i is 40 pages in length with the greater part of it based on 
- B31.8-1958. The section of the Ontario Code. covering the testing of welders, 
& welding techniques, and so forth, is set out in greater detail the than ot ean nla 


4 October, 1959, by the Task Committee on Investigation of Problems Involved in 
- gulation of Pipeline Design and Construction by Various Governmental ee (Proc, 
Chf, Engr., Transcontinental Gas Pipe Line Corp., Houston, a 
— oe. “Bibliography on Pipeline Design, Construction Second Progress Report of my Task 
SS on Investigation of Problems Involved in Regulation of Pipeline Design and > =_ 


Construction by Various of the Committee on Pipeline Planning 
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by 


: 
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OU, Pans-Canada Pipe ines oronto iz, Untarilo, U 


Fuel Board toc construct pipe line. Application mu must 


be accompanied by analignment sheet. = = 


. Easement forms to be approved by Fuel Board. = 
. Right to expropriate after application granted. — ping ee 
Board’ s authority necessary to construct under highways, and 


_ Each of the e provincial regulations applies only to ny operated wholly 
within the boundaries of the particular province. Pipelines transmitting hydro- | 
arbons across provinces and international boarders are considered inter- iz 


ca 
pro ovincial and fall under the jurisdiction of the eel Government and are 
regulated by the National Energy Board. 

The National Energy Board was created in 1959, and to date (February, — 

1960) they have no detailed pipeline design a and construction code or regula- 

tions, However, they w will be issuing ‘regulations in the near future. 

RANDALL, —State regulation of design, construction, and operation 

of high pressure gas transmission pipelines in California is proposed by the 
he af "California Public Utilities Commission (PUC). A draft of proposed ae 


= ee 


> 


prepared by the commission staff has been submitted in public hearing before 
4 


a commission examiner to allow discussion by interested paemnee 1 and to obtain 


the recommendations of affected utilities, 


= The California Public | Utilities Commission contends that the need for 


regulation of gas transmission pipeline design in California has ee 
P from the rapid growth of population and the increasing hazard to public safety | 


incident to a high | pressure gas transmission facilities within the 


_ Under | CPUC Case N No. | 6352, the “Proposed General Order - Rules Govern- - 
7 ing Design, Construction, Testing, Maintenance and Operation of Gas Trans- 
Pane mission Pipeline Systems,” as prepared by the Commission Staff, was pre- 
sented at public hearings » hone in San Francisco October 13, 1959, and Jomary 
e scope of the proposed general order was intended to cover all oe 


- rules, the order of precedence, means for modification, requirement fo for 
i: (b) Materials and Equipment: establishing the qualification of such items | 
 ©@) Design: covering location class, protection, corrosion, casings, branch — 
connections, expansion, supports and location limitations, 
* (d) Construction: covering construction materials and equipment, ‘specifica-_ 
“tions: for construction, , and limitations on construction practices. 
(e) Welding: outlining required specifications for welding procedures, 
ad  @alification of welders, and welding inspection. _ 
Purging: : covering initial gas filling, temporary ri removal, and abandon- 


._ ‘The following is a synopsis of the Pipe Lines Act - 1958 for the Province _ 
Ontario simils the othe vrovince overed bv the ab act: 
4 
a 
( 
| q 
4q 7 
q specilic requirements were Outlined under the following chapter headings: 


DISCUSSION. 

Testing and Inspection: outlining requirements for strength, leakage 
coating» tests, and for “excavation, pipe, welding and backfill inepection. 
— —— (h) Operation and Maintenance: outlining the requirements for operation 


(i) _ Reports: establishing the responsibility for maintenance of records, 
nal joint factor, qualification of welders, design formula, yield strength of 
_ pipe steel, wall thickness of pipe, design factor, temperature factor, and allow- 


: (i) ) Miscellaneous: —covering odorization procedures and requirements. 


7 tives of three California gas companies, indicating that the field covered by the 
text of the general order proposed the c commission staff was adequately 


hse dg to make certain requirements of the ASA Code | mandatory - 
permissive, ( Code B31.8 could be adopted by the State for pipeline 
regulation purposes, thereby conforming with widely accepted “existing 

_ Testimony by Mr. F. S. G. Williams, Chaieman of the ASA Sectional Com- 
” mittee on Code for Pressure | Piping (B31), and several ASA publications that | 
a were introduced as evidence, pointed out the great amount of time and effort - 

spent by experts in developing, editing, and finally producing Code B31.8. 
; mn. The stand taken by another California gas company was a general accept- 
ance of the form of the general order proposed by the commission staff, but 
> with specific modifications where they considered the requirements to be in- i. 

adequate or incompatible with present-day construction practices. = 

Two gas companies and the Los Angeles Department of Public Utilities and f ~ 
Transportation recommended that the proposed General Order should include >> 

iS gas distribution pipelines as well as transmission pipelines, because of the 
interchangeability of function of some large pipelines designed to operate at : 


"" hoop stresses of 20% or more of the specified eens yield strength of the 
‘The fact has" been accepted generally that of various in- 
- = practices is desirable. The construction and operation of high pres- 
gure gas pipelines are industrial practices that fall within a category subject | 
7 - to standardization. The ASA Code B31.8 for gastransmission and distribution 
_ piping systems is subject to periodic updating (3 yr period) to keep it current | 
with technological developments and changing requirements, In view of the | 
wide extent of gas pipeline construction, both interstate and international, it 
soem logical that a carefully developed standardized code, such as ASA Code 
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by Donald Van Van Sickle 

q DONALD \ VAN SICKLE, A, M. ASCE.— —As stated in the Introduction, the 

. ‘purpose of the task committee is to developa bibliography of reference mate-_ 

& on the design, construction, and operation of pipeline facilities. A really i > 

complete bibliography of this type would be of considerable value to all 1 pipe- a 

dine engineers. Needless to: say, the work involved in such a compilation as- 

. ‘sumes monumental proportions. When one begins a listing of the books, bulle- 

: tins, articles, pamphlets, and so forth, on even one small phase of the pipe- ‘ 
line field, it becomes apparent that the committee’s remark that “the mate- 
rial is. . .voluminous. . .” se so restrained as to be almost a gross under- 


a ‘In view of of the tremendous volume of published material, the | committee 
apparently plans approach the problem by listing only the various pro- 


_ fessional organizations and industry associations that publish the material, : 
. the libraries and indices that contain or index the material, together with a a 

‘selected list of individual books, bulletins, articles, and ‘papers. The com-— 
: mittee proposes to rhe this information periodically in the Journal of the 


ae _ The writer feels that nates are a number of shortcomings in this approach 
to the problem that could seriously hamper the effectiveness and the value cal 7 
the bibliography and that merit some discussion. 
= 1. Because “no attempt is made to list all papers, articles and books” ; 
is unfortunate ‘that any were listed. Such a partial listing should include the 
most valuable and significant references, and the decisions as to which are _ 


the most valuable and significant would always be open to question. eco 


- glatity successful, the committee’s plan for periodic publication of the in- 
_ formation is admirably suited to achieving the most complete listing possible, 
because readers could supply ooeonae references that were unknown to the — 
a committee, , and eventually a virtually complete listing could be achieved. 
a 2. If no complete listing of books, articles, and papers is attempted, the — 
list of professional organizations, industry associations, libraries and 
_ dices, and a partial listing of publications, although of some reference value, a 


would hardly s seem to > merit publication asa technical manual, 


a October, 1959, by the Task Committee on Compilation of Bibliography of Reference | 
_ Materials on Pipeline Design and Construction of the Committee on Pipeline Design, — 
Specifications and Operating Standards of the gly Division (Proc, paper 2205), 

Hydr. Turner | and Collie Cons. Tex 
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allied with the prc listing of in- 


dividual papers is the problem of listing papers appearing in foreign publica- _ 
tions. ‘difficulty with publications is that ordinarily they are not. 
readily accessible to engineers in the United States. Another difficulty is that, , 
_ even where accessible, those published in languages other than English ite Il 
_translation number of the 1 more significant works, 


In view of these difficulties, should "whether in 
es: or another language, be listed in the proposed bibliography? The 
- writer feels that a complete bibliography would require inclusion of Soreign 
references, although — he recognizes that listing of such foreign references _ 
-_ would tend to be less complete thana listing of references to works in English. 
_ At first glance, it would appear that the committee chooses to neglect any 
foreign references, because there are no non-American listings in the sec- 
tions on “Professional Organizations, “Industry Associations, “Libraries 
and Indices,” and “General.” However, inclusion of references to at least six — 
_ foreign- -published | articles ond books in the “Books and Bulletins” section 
indicates that the committee feels certain publications could not be excluded. 
Certainly the works of Manning, Reynolds, and Prandtl should be included in 
g listing of references on flow of fluids in pipes, even though t their original 


publications are not readily accessible to the average engineer. 


_ 4, The writer questions the listing of Association of American Railroad 


Manufacturers Standardization Society of the Valve and Fitting Industry, 


and the National Fire Protection Association as “Professional Organizations” 
sen they would seem to more nearly fallin the category of “Industry Associa- 

tions.” In fact, some engineers maintain that eventhe American Water Works 

Association and The Federation of Sewage and Industrial Wastes Associations © q 


(now the Water Pollution Control Federation) are “trade associations” rather 


than professional organizations, because much of their membership consists 
plant operators who are not qualified as professional engineers. 
os The above comments are > certainly not intended to detract from, or belittle, 
‘the work of the committee. They are primarily intended to point out that 
clearer definition of the scope of the bibliography, as well as of terms such 
4 “Professional Organizations” and “Industry Associations” will be required | 
before actual listing of references is undertaken. 
ae writer would prefer that the Committee plan to make this biblio- — 


graphy as _ complete as possible, including foreign references, so that it will 7 ‘ 


be “worthy of publication as a tocuniea! manual, In this connection, a more 
detailed” breakdown of the reference listings under various subject head- 


_ ings would seem to be ‘much st superior to listings under “Books and Bulletins” a 


= “General.” These headings might include standards and specifications; _ 


structural design; hydraulic design; mechanical design; construction; opera- 
5 tion and maintenance of lines; operation. and maintenance of pumps and com- 7 
_ pressors; and so forth. Further subdivisions under these main headings would | 
probably be advisable. For instance, under hydraulic design could be included 

flow of fluids in pipes; losses in and fittings; surge and water hammer; 


a 


Pa the bulk of the material is published by organizations such as © 


nof the compilation work could be a 
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periodic indices, a large portio ccomplished 


_ After publication o of the bibliography ail an annual, technical ‘manual or at 
least regular publication, supplements should be issued to keep it up-to-date. 
This” procedure followed by the United Kingdom’s Institution of Ci Civil 


on Soil Mechanics, apparently with considerable success. 
_ The following organizations publish, at various times, articles on pipelines” 


(1) The E ‘Engineering Institute of Canada, The Engineering Journal 


Transactions, 2050 Mansfield Street, Montreal 2, Quebec, Canada. 
| Q) The Institution of Civil Engineers, Proceedings, Great George Street, me 
(3) The Institution of Water Engineers, Journal, Mansions, 


= (5) The International Water ‘inn Association, Aqua, and Proceedings soll 
triennial congresses, 34 Park Street, London, W. 1, “England. 
_ (6) The Hydraulics Research Station of the Department of Scientific and = 


‘Industrial Research, Hydraulics Research Papers and Annual Reports, How- 
‘Park, Wallingford, Berkshire, England. 


(7) The Hydraulic Institute, Standards, 122 East 42nd St., New York 17, 

"There are certainly many others. 
In conclusion, the writer wishes to congratulate the committee for their 
efforts, and looks forward to the ultimate production of the technical emmee J 
asa a significant contribution to pipeline engineering. 
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HASKER!.—The author ‘suggests that prestressed concrete pipes” are 
4 structurally suitable for sizes ranging from 1 ft internal diameter to several 4 
feet. There is no reason why the process i is not structurally suitable for pipes 
less” than 1 ft in| . diameter, but it is doubtful if the r process is economically - 
suitable for small diameter pipes in many cases. The upper limit of diameter ea 
y is also governed by the economic question andnon cylinder prestressed ype Pe a 
are in use in France having a diameter of 16 ft 6 in. a ae 
as _ Pipes having an internal diameter of 33 in. are in use in Australia; these 
' pipes are non cylinder prestressed concrete and test pressures were up to 
435 psi. and as far as the process is concerned, there is no reason why pipes — 4a | 
should not be made for higher pressures. 
__ The author’s consideration is sound until he considers the combined effect ¥ 
(of internal and external loads. As authorities frequently disagree about the | 
- methods of combining these loads, it is advisable to avoid any possible cause 
of difference of opinion. . Criticism that could be levelled at the theory as | pee 


With a well laid and bedded effect of loads is very 
covers of any magnitude would occur infrequently and except 
glected. Pipelines for water follow the 
4 as far as possible and a cover of 20 ft would be unusual. 
ry 2. Some authorities May query the magnitude of the axial force at the = 
invert. In any case, the equivalent area of the wound wire should be added to q 
concrete area to find the stress due to the force. 
3. No mention is made of the tensile stress due to the external loads. 
These are important, more so than the compressive stresses. Concrete 
in-well made | cores has an ultimate strength of 8,000 psi to 10,000 psi at = 
days, and compressive stresses due to design loads would seldom reach 50% — 
of this strength, and stresses due to working loads would be even less. The 
_ pressure is not zero in practice, therefore, the nett direct compression due 
7 - to the winding and the working pressure will be considerably less than the pie 
Consideration of combined direct and bending stresses in concrete always 
. introduces the » uncertainty of how the stresses should be added. Apparent ~ 
id extreme fibre stresses at failure in bending are considerably higher than direct 
5 tension stresses at failure; and ratio varies approximately between 1.6 and 
- 2.1, , and merely adding the two stresses would not give th the true stress under - _ 


a... October 1959, by S, R, Hubbard (Proc, paper 2240). ‘ams 
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s. The late Gustav Magnel ~_ a nines varying between 
z .F 9 ‘and 2.6 and divided the extreme fibre stress due to bending by a selected — 
—- value before adding to the direct stresses due to winding and pressure. This - 


additional factor but this fact should be mentioned. The combined 
“4 " behavior of core and coat is most satisfactory with well made pipes, and it 
is probable that the coat effect sk should when computing 
stresses due to external loads. 
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